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PREFACE
The work d e sc r ib e d  in  t h i s  t h e s i3  was c a r r ie d  out  
o v er  a seven  y e a r  p e r io d  from  1949 t o  1 9 5 6 . I t  was 
s t a r t e d  in  1949 in  th e  U n iv e r s i t y  Departm ent o f  M ed ic in e , 
R oyal In fir m a ry , G lasgow , and c o n tin u ed  th e r e  u n t i l  1 9 5 1 , 
d u rin g  w hich tim e I  was r e g i s t r a r  to  p r o f e s s o r  L .J . D a v is .  
From 1951 t o  1953 th e  s t u d ie s  were c o n tin u e d  d u rin g  th e  
te n u r e  o f  a M ed ica l R esearch  C ou n cil^ R esearch  F e llo w s h ip ,  
in  th e  Department o f  C l in i c a l  P a th o lo g y , R a d c l i f f e  In f ir m a r y ,  
O xford, under Dr. R. G. M a efa r la n e , and l a t e r  in  th e  
Departm ent o f  H aem atology, P o stg ra d u a te  M ed ica l S c h o o l,  
London, under Dr. J .  V. D a c ie . From 1953 t o  1956 th e  
r e se a r c h  was a g a in  c a r r ie d  out in  th e  U n iv e r s i t y  Departm ent 
o f  M ed ic in e , R oyal I n f im a r y ,  G lasgow , a t  w hich  t im e  I  was 
a l e c t u r e r  in  m e d ic in e . My i n t e r e s t  in  t h e s e  problem s  
was encouraged  and d ir e c t e d  by P r o fe s s o r  L. J .  D a v is  and 
Dr. A lexan d er  Brown in  G lasgow , by Dr. R. G. M aefarlan e  
and Dr. Rosemary B ig g s in  O xford, and by Dr. J .  V. D acie  
in  London. I t  i s  a p a r t ic u la r  p le a s u r e  t o  acknow ledge  
my g r a t i tu d e  t o  a l l  o f  t h e s e .
In a d d it io n  t o  th e  f a c i l i t i e s  u sed  by v i r t u e  o f  th e  
ap p oin tm en ts m entioned  ab ove, d u rin g  1953 t o  1956 th e  woi& 
w as, in  p a r t ,  f in a n c e d  by g r a n ts  t o  th e  d ep artm en t, from
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th e  A d v iso ry  Committee on M ed ica l R esearch  f o r  S c o tla n d  
and from th e  M ed ica l R esearch  C o u n c il.
The work done d u rin g  t h e s e  y e a r s  can he c o n s id e r e d  t o  
f a l l  in t o  two main c a t e g o r ie s .  The f i r s t  has been
concerned  w ith  th e  p h y s io lo g y  o f  b lo o d  c o a g u la t io n , in  
p a r t ic u la r  th e  d e t a i l s  o f  th e  in t e r a c t io n s  in v o lv e d  in  
th ro m b o p la stin  fo rm a tio n  and prothrom bin c o n v e r s io n . The 
secon d  has been concerned  w ith  th e  a p p l ic a t io n  o f  t h e s e  
a d v a n ce s , t o  problem s o f b lo o d  c o a g u la t io n  in  c l i n i c a l  
m e d ic in e . T h is t h e s i s  d e a ls  w ith  th e s e  l a t t e r  a s p e c t s .
Some o f  th e  work d e sc r ib e d  in  t h i s  t h e s i s  has been  
p u b lis h e d , but a la r g e  p a rt i s  a s y e t  u n p u b lish e d . In  
c e r t a in  o f  th e  p u b lish e d  pap ers I  am th e  s o l e  a u th o r  w h ile  
in  o th e r s  I  am c o -a u th o r . Where th e  work was c a r r ie d  
out j o i n t l y  I  have in d ic a te d  in  th e  t e x t  th e  a s p e c t s  f o r  
w hich I  am r e s p o n s ib le .
The fo l lo w in g  i s  an o u t l in e  o f  th e  p la n  o f  th e  t h e s i s .  
The f i r s t  th r e e  c h a p te rs  ( 1 ,  2 ,  3 )  - th e  h i s t o r y  o f  b lo o d  
c o a g u la t io n , th e  th r o m b in -f ib r in o g e n  r e a c t io n  and th e  
d i s s o lu t io n  o f  th e  c l a s s i c a l  th e o r y , a re  in tr o d u c to r y .
The su cc ee d in g  th r e e  ch a p te rs  (4 , 5 , 6 ) d e a l w ith  b lo o d  
th r o m b o p la s tin . C hapter (4 )  d e a ls  v e r y  b r i e f l y  w ith  
th e  advan ces in  our u n d ersta n d in g  o f b lo o d  th r o m b o p la s t in .
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T h is d e s c r ib e s ,  in  o u t l in e  o n ly , th e  work p u b lish e d  j o i n t l y
w ith  Dr. Rosemary B ig g s and Dr. R. G. M aefarlan e
( J .  P h y s io l .1 9 5 3 , 1 1 9 ,8 9 ;  J .  P h y s io l .  1 9 53 , 1 2 2 ,5 3 8 ;
J .  P h y s io l .  1 9 53 , 122 , 5 5 4 ) .  The f i f t h  c h a p te r  d e a ls
w ith  my sh are  in  th e  d is c o v e r y  o f  C hristm as d i s e a s e .  T h is
was p u b lish e d  j o i n t l y  w ith  D r. Rosemary B ig g s ,D r . R . G .M aefar lan e ,
Dr. J .  V. D a c ie , Dr. W.K. P itn e y , Dr. C. M erskey, and
D r. J .R . O 'B r ien . ( B r i t .  med. J .  1952 , 2 ,  1 3 7 8 ) .
C hapter (6 )  d e s c r ib e s  an a t y p ic a l  c o n s t i t u t i o n a l  c o a g u la t io n  
d e f e c t .  The n e x t two c h a p te r s  d e s c r ib e  i n v e s t i g a t io n s  
in t o  th e  mode o f  a c t io n  o f  a n t ic o a g u la n t  drugs -  h e p a r in  and 
th e  coum arin d r u g s . T h is work h a s , in  p a r t ,  b een  
p u b lis h e d . ( B r i t .  med. B u l l .  1 9 55 , 1 1 , 39; C l i n .S c i .1 9 5 5 ,
1 4 , 601; J . c l i n .  I n v e s t .  1 9 5 6 , 3 5 , 5 3 3 ) .  C hapter (9 )  
d e s c r ib e s  th e  d ia g n o s t ic  approach  t o  haem orrhagic d i s o r d e r s .
T h is a l s o  has been p a r t ly  p u b lis h e d . (G la s g . med. J .  1 9 5 5 , 3 6 , 238  
In c lu d ed  in  t h i s  c h a p te r  i s  a d e s c r ip t io n  o f th e  th r o m b o p la s t in  
g e n e r a t io n  t e s t  p u b lish e d  j o i n t l y  w ith  D r. Rosemary B ig g s .
( J .  c l i n .  P a th .1953 , 6 , 2 3 ) .  The n e x t two c h a p te r s  d e a l  
w ith  p l a t e l e t  d is o r d e r s  and v a s c u la r  d e f e c t s ,  (u n p u b lish e d  
w ork ). In  c h a p te r  (1 2 ) i s  g iv e n  a g e n e r a l accou n t o f  
d is o r d e r s  o f b lo o d  c o a g u la t io n , w hich  a r i s e  a s a r e s u l t  o f  
d e f i c i e n c i e s  o f  c o a g u la t io n  f a c t o r s .  Some o f  th e  r a r e r
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c o n d it io n s  a re  d e sc r ib e d  in  d e t a i l  in  t h i s  c h a p te r , th e  
o th e r s  in  th e  su c c e e d in g  c h a p te r s .  The c a s e  o f
prothrom bin d e f i c i e n c y  m en tioned  in  t h i s  c h a p te r  has  
been r ep o rted  j o i n t l y  w ith  Dr. Rosemary B ig g s  
( J .  c l i n .  P a th . 1953 , 6 , 1 5 ) .  The o th e r  m a te r ia l
i s  u n p u b lish ed . C hapter (1 3 ) d e s c r ib e s  i n v e s t i g a t io n s
on "hypoprothrom binaem ias” ex cep t f o r  th e  coum arin d e f e c t ,  
d e sc r ib e d  e a r l i e r .  The p a rt o f  t h i s  work on newborn
in f a n t s  has been p u b lish e d  (A rch . D is .  C h ild h . 1 9 5 5 ,3 0 ,5 0 9 ) ,  
th e  rem ainder i s  u n p u b lish ed . The n e x t c h a p te r  (1 4 )
d e s c r ib e s  th e  c o a g u la u io n  d is tu r b a n c e  in  l i v e r  d i s e a s e  and 
th e  ch a p ter  t h e r e a f t e r  (1 5 ) g iv e s  an accou n t o f h a em o p h ilia  
and C hristm as d is e a s e  in  th e  West o f  S c o t la n d . T hese
s t u d ie s  a re  u n p u b lish ed . Chapter (1 6 )  c o n s i s t s  o f  a
rep o rt on th e  n e u r o lo g ic a l  c o m p lic a t io n s  w hich  have been  
seen  in  h a em o p h ilia  and C hristm as d i s e a s e .  T h is has
r e c e n t ly  been p u b lish e d  j o i n t l y  w ith  D r. S .G . M cAlpine 
( S c o t .  med. J .  1956 , 1 , 2 7 0 ) .  C hapter (1 7 )  d e s c r ib e s  
fem a le  r e l a t i v e s  of h a e m o p h ilia c s  w ith  a c o a g u la t io n  
d is tu r b a n c e , due to  a n t ih a e m o p h ilic  g lo b u l in  d e f i c i e n c y .  
T hese fem a le s  were th ou gh t to  be h e te r o z y g o u s  f o r  th e  
d e f e c t .  T h is i s  u n p u b lish ed . C hapter (1 8 )  d e s c r ib e s  
a p a t ie n t  w ith  a profound c o a g u la t io n  d is tu r b a n c e  in
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a s s o c ia t io n  w ith  h y p e r g lo b u lin a e m ia . T h is a l s o  i s
u n p u b lish ed . C ir c u la t in g  th r o m b o p la s tin  in h ib i t o r s
a re  d e sc r ib e d  in  C hapter ( 1 9 ) .  An u n p u b lish ed  c a s e ,
w ith  an a t y p ic a l  c i r c u la t in g  a n t ic o a g u la n t ,  i s  d e s c r ib e d .  
T h is th ro m b o p la stin  i n h ib i t o r  has p r o p e r t ie s  d i f f e r e n t  
from th o s e  o f  any p r e v io u s ly  rep o r ted  c a s e .  The
co n c lu d in g  f i v e  c h a p te rs  d e a l w ith  th e r a p e u t ic  a s p e c t s  
o f  haem orrhagic d is o r d e r s  -  d e n ta l  e x t r a c t io n  in  
h a e m o p h ilia , and C hristm as d i s e a s e  (2 0 )  (u n p u b lish e d );
11 in  v itr o "  s u r v iv a l  o f  c o a g u la t io n  com ponents in  bank 
b lo o d  and f r e s h  fr o z e n  plasm a (2 1 )  (un pu blish ed ); " in  v iv o "  
s u r v iv a l  o f  a n tih a e m o p h ilic  g lo b u lin  and C hristm as f a c t o r
(2 2 ) (u n p u b lish e d ;;  e f f e c t  o f  v ita m in  K p r e p a r a tio n s  on 
"hypoprothrom binaem ia" in d u ced  by d icu m arol and trom exan
(2 3 ) (p u b lish e d  j o i n t l y  w ith  Dr. A lex a n d er  Brown -  B r i t ,  
med. J .  1 952 , 1 , 5 1 2 ); a c t io n  o f v ita m in  (2 4 )  
(u n p u b lish e d ; .
O c c a s io n a lly  p a t i e n t s ,o r  sp ecim en s from  p a t i e n t s ,  
have been  r e fe r r e d  f o r  o p in io n . T hese p a t ie n t s  
have som etim es been rep o r ted  in  th e  l i t e r a t u r e  by th o s e  
p h y s ic ia n s  o r  p a t h o lo g is t s  r e f e r r in g  th e  p a t i e n t s .  Where 
t h i s  i s  s o ,  i t  has been  in d ic a te d  in  th e  t e x t .
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The work c o v er s  i n v e s t i g a t io n s  in t o  h a e m o sta t ic  
d is o r d e r s  as en co u n tered  in  c l i n i c a l  p r a c t i c e .  Where
my s t u d ie s  have c o n tr ib u te d  l i t t l e  w h ich  i s  o r i g i n a l ,  th e  
s u b j e c t ,  d e s p i t e  i t s  p o s s ib le  im p o rta n ce , may have been  
d e a lt  w ith  v e ry  b r i e f l y .  As a con seq u en ce  some ra re
haem orrhagic d i s e a s e s  have been r e p o r te d  in  g r e a t e r  
d e t a i l  than o th e r s  w hich  a re  common. T hrom bocytopenia ,
f o r  in s t a n c e ,  i s  p rob ab ly  th e  most common o f  th e  a c q u ir e d  
haem orrhagic d i s e a s e s .  I t  has been d e s c r ib e d  r e l a t i v e l y
b r i e f l y ,  in  com p arison , f o r  exam ple, w ith  th e  a cco u n t o f  
c ir c u la t in g  th r o m b o p la stin  in h ib i t o r s  -  a ra re  c o n d it io n .  
The reason  f o r  t h i s  i s  th a t  my i n v e s t i g a t io n s  in t o  
th rom bocytopen ia  have c o n tr ib u te d  l i t t l e  w h ich  i s  o r i g i n a l .
The in v e s t ig a t io n s  rep o r ted  in  th e  t h e s i s  a re  n ot 
d e sc r ib e d  in  th e  c h r o n o lo g ic a l  o r d e r  in  w h ich  th e  work 
was done. The secon d  l a s t  c h a p te r , f o r  exam ple, 
r e p r e se n ts  th e  f i r s t  p ie c e  o f  e x p e r im en ta l work in  t h i s  
f i e l d .  The o rd er  fo l lo w e d  has been in  a cco rd a n ce  w ith  
th e  p la n  o u t l in e d  ab ove .
T h is ty p e  o f i n v e s t i g a t io n a l  work has d i f f i c u l t i e s  
common to  o th e r  form s o f b i o l o g i c a l  r e s e a r c h . The 
r e s u l t s  are  f r e q u e n t ly  com parable o n ly  w ith in  th e  
in d iv id u a l  experim ent c a r r ie d  out o v e r  a sh o r t  tim e
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i n t e r v a l .  The a c t i v i t y  o f  th e  s o lu t io n s  b e in g  t e s t e d  
changes r a p id ly . The r e s u l t s  o f t o - d a y ’ s experim ent
are  n ot n e c e s s a r i ly  com parable w ith  th o s e  o f  to -m orrow ’ s .  
Throughout th e  work o n ly  human b lo o d  has been  u se d . T h is  
has o b v ia te d  th e  d i f f i c u l t y  o f  com parison w ith  exp erim en ts  
on a n im a ls .
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LIST OP ABBREVIATIONS
Throughout th e  t h e s i s  c e r t a in  a b b r e v ia t io n s  have been  
u se d . T h is was r e q u ir e d  p a r t i c u la r ly  in  th e  c o n s t r u c t io n  
o f  many o f  th e  t a b le s  in  th e  ap p en d ix  o f  t e c h n iq u e s  and 
r e s u l t s .
F r e q u en tly  th e  sym bols f o r  seco n d s and m in u te s  have  
been o m itte d . In  th e  th r o m b o p la s t in  g e n e r a t io n  te c h n iq u e  
th e  c l o t t i n g  tim e o f  th e  h ig h -sp u n  norm al p lasm a s u b s tr a te  
i s  in  se c o n d s . The c l o t t i n g  tim e o f  f ib r in o g e n  s u b s t r a t e s  
i s  a l s o  reco rd ed  in  se c o n d s , e x c e p t  where th e  tim e was over  
180 seco n d s (3  m in u te s)  when i t  i s  r eco rd ed  a s  3+. A 
c l o t t i n g  tim e over  3 m in u tes r e p r e s e n t s  a n e g l i g i b l e  amount 
o f  throm bin . O n e-sta g e  c l o t t i n g  t im e s  are  r e c o r d e d  in  
secon d s and w hole b lood  c l o t t i n g  t im e s  in  m in u te s .
Volumes are in  m l. u n le s s  o th e r w is e  s t a t e d .
A b b r e v ia t io n s
ad . = adsorb ed
a d s . = ad sorb ed
* A.H.G-. = a n t ih a e m o p h ilic  g lo b u l in
a l . = alum ina
alum . =s a lum ina
alum ina plasm a n _  ^  ^ n
) plasm a tr e a t e d  w ith  
adsorb ed  plasm a ) =
A l (OH)3 plasm a 5 alum inium  h y d r o x id e .
A .E .
b ra in
Q .F.
C
con . 
c o n s ,  
consump, 
c h e m ic a ls
d i l u t .  
Drugs 
P .A .S .
I .N .H .  
N .A .B .
B .D .H .
V
VII
g lo b .
H .S .
Hb
h^iem.
haemoph.
in c u b .
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= a n a la r  r e a g e n t  
= b r a in  th r o m b o p la s t in  
= C h ristm as f a c t o r  
= c o n tr o l  
= c o n tr o l  
= consu m ption  
= consu m ption
-  th e s e  are  f r e q u e n t ly  a b b r e v ia te d  to  
t h e i r  fo rm u la e , e . g . ,  CaClp = c a lc iu m  
c h l o r i d e .
= d i lu t e d ,  d i l u t i o n
= parajam ino s a l i c y l i c  a c id  
= i s o n ia z id  h y d r o c h lo r id e  
= neoarsphenam ine  
= v ita m in  B^p 
= B r i t i s h  Drug H ouses 
= f a c t o r  V 
= f a c t o r  VII 
= g lo b u lin  
= h ig h  spun 
= haem oglob in  
= h a em o p h ilic  
= h a e m o p h ilic  
= in c u b a te  
= v ita m in
- /3  -
L .S . = low  spun
M .S .B . = M easu rin g  & S c i e n t i f i c  Equipm ent
N = norm al
n o r . = norm al
Owren $  = r e f e r a b le  to  Owren’ s te c h n iq u e
p r o . = prothrom bin
p l a t e s .  = p l a t e l e t s
P .C .V . = packed c e l l  volume
P .D . = prothrom bin  d e f i c i e n t
P .D .P . = prothrom bin  d e f i c i e n t  p a t i e n t
p a t .  = p a t ie n t
P .T .A . = plasm a th r o m b o p la s t in  a n te c e d e n t
P .T .C . = p lasm a th r o m b o p la s t in  component
p l a s .  = plasm a
Q = Quick
Q -  p e r c e n ta g e  on o n e -s ta g e  c l o t t i n g  tim e
t e s t  o f  Quick and r e la t e d  s a l in e  
d i l u t i o n  c u r v e .
Quick = r e f e r s  to  o n e -s ta g e  c l o t t i n g  tim e
R .B .C . = red  c e l l  cou n t
R .V .V . + L ee. = R u s s e l l ' s  v ip e r  venom p lu s  l e c i t h i n .
Tro. = Tromexan
T.K. = throm bokinase
th r o m b o p la s tin
Xmas = C hristm as
jig. = microgrammes
-  -
P a rt I .  I n tr o d u c t io n
C hapter ( l )  H is to r y  o f  b lo o d  c o a g u la t io n  ..............  tS
C hapter (2 )  T h ro m b in -fib r in o  gen r e a c t i o n  4 ^
C hapter ( 3 ) D i s s o lu t io n  o f  th e  C l a s s i c a l
T h e o r y ............................................................
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A lte r n a t iv e  t h e o r ie s  o f  b lo o d  c o a g u la t io n .  
I n h ib ito r y  m echanism s.
(1 )  a n tith r o m b in .
(2 )  a n t ith r o m b o p la s t in .
H eparin
F i b r i n o l y s i s .
In  1935 W. H. H ow ell w rote " C lo tt in g  i s  th e  m ost s t r i k i n g  
and b e s t  known p r o p e r ty  o f  b lo o d . I t  i s  in d eed  a rem arkable  
phenomenon. One can r e a l i s e  th a t  n a tu re  had a d i f f i c u l t  
problem  t o  s o lv e  in  c r e a t in g  a c i r c u la t in g  medium f o r  th e  
anim al body th a t  w ould rem ain e n t i r e ly  l i q u i d  w h ile  in  th e  
b lo o d  v e s s e l s ,  bu t w ould prom ptly  s e t  in t o  a g e l  a s soon  a s  
th e  v e s s e l s  were wounded and th e  b lo o d  was in  dan ger o f  
b e in g  l o s t . ” Very many w orkers have a ttem p ted  t o  u n ra v e l  
th e  chem ical and p h y s ic a l  m echanism s r e s p o n s ib le  f o r  t h i s  su d ­
den change o f  c o n d it io n  from a s o l  t o  a g e l  a t  th e  moment o f  
c o a g u la t io n . There have b een  many t h e o r ie s  p o s t u la t e d  t o  
e x p la in  th e  changes r e s u l t in g  in  c l o t  fo rm a tio n ; th e s e  c r o s s  
and o v e r la p , and abound w ith  a term in o lo g y  p e c u l ia r  t o  any one 
group o f  w orkers in  th e  f i e l d ,  r en d er in g  i t  d i f f i c u l t  f o r  
th o se  who have n o t made a s p e c ia l  stu dy o f  th e  problem  t o  
d is e n ta n g le  th e  same phenomena w ith  d i f f e r e n t  d e s ig n a t io n s .
The e ra s  o f  b lo o d  c o a g u la t io n  r e s e a r c h .
The h is t o r y  o f  th e  developm ent o f  our knowledge o f  b lo o d  
c l o t t i n g  can u s e f u l ly  be d iv id e d  in t o  th r e e  e r a s  by th e  s o -  
c a l l e d  C la s s ic a l  Theory o f  M oraw itz. T h is  th e o r y  was p r o ­
pounded by M orawitz in  1904 and h e ld  as a r e a so n a b le  scheme 
t o  e x p la in  th e  r e le v a n t  e x p er im en ta l phenomena u n t i l  1 9 4 3 .
The h is t o r y  o f  b lo o d  c l o t t i n g  can be c o n s id e r e d  t h e r e fo r e  
under th e  fo l lo w in g  th r e e  h e a d in g s : -
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(a )  B e fo re  th e  C la s s ic a l  Theory P r io r  t o  1904
(P r e -C la s s ic a l  E ra)
(b ) The e ra  o f  th e  C la s s ic a l  Theory 1 9 0 4 -1 9 4 3
( C la s s ic a l  Era)
(c )  A f te r  the C la s s i c a l  T heory 1 9 4 3 -
(P o s t - C la s s ic a l  E ra)
P r e - C la s s ic a l  Era (P r io r  t o  1904)
I t  i s  g e n e r a l ly  b e l ie v e d  th a t  A r i s t o t l e  was one o f  th e  
f i r s t  t o  a s c r ib e  th e  c o a g u la t io n  o f  b lo o d  t o  th e  p r e se n c e  
o f  f ib r o u s  m a t e r ia l .  L i t t l e  fu r th e r  a t t e n t io n  was g iv e n  
to  the problem s o f  b lo o d  c o a g u la t io n  u n t i l  th e  s e v e n te e n th  
cen tu ry  when W i l l i s  (1659) r e c o g n iz e d  th a t  serum co u ld  be  
se p a r a te d  from th e  f ib r o u s  c lo t  and M alp igh i (1 6 6 6 ) d e s c r ib e d  
th e  th r e a d - l ik e  n atu re  o f  the s tr u c tu r e  o f  th e  c l o t  w h ich  
was c a l l e d  f i b r i n .  B uysch (1707) produced serum from w h ole  
b lo o d  by a g i t a t io n  w ith  tw ig s  t o  w h ich  th e  f i b r i n  ad h ered .
The e a r l i e s t  ex p er im en ta l work o f  r e a l  im portance was th a t  
o f  Hews on (1 7 7 1 ) . H ew son's d is c o v e r ie s  can be  enum erated  
as fo l lo w s
(1 ) He was th e  f i r s t  to  a p p r e c ia te  th a t  th e  n o n - c e l lu -
l a r  e lem en ts o f  the b lo o d  p la y e d  a m ajor r o le  in  
c o a g u la t io n . U sin g  b lo o d  w ith  a r a p id  r e d  c e l l  
se d im e n ta tio n  rate,, he skimmed o f f  th e  p lasm a  
b e fo r e  c lo t t i n g  had o ccu rred  and d em on stra ted  
th a t  the c le a r  plasm a c o a g u la te d . He made a 
s im ila r  o b se r v a t io n  by  l i g a t i n g  a v e in  and en ­
tra p p in g  b lo o d  betw een  h i s  l i g a t u r e s ;  when th e  
c e l lu l a r  e lem en ts had s e t t l e d  he drew o f f  th e  
plasm a w h ich  th en  c l o t t e d .
(2 )  He dem onstrated  t h a t  v a sc u la r  en d o th iliu m  was r e ­
m arkable in  b e in g  a b le  to  m a in ta in  b lo o d  i n  a f l u i d  
s t a t e .
(3 )  He d e v e lo p ed  th e  f i r s t  m ethods fo r  k eep in g  b lo o d
f l u i d  o u ts id e  th e  body* He showed th a t  c o a g u la ­
t i o n  may be in h ib i t e d  by c o ld  or b y  th e  a d d it io n  
o f  n e u tr a l s a l t s . The s a l t  u sed  was sodium  
s u lp h a te .
(4 )  He d em on strated  th a t  th e  c o a g u la t io n  o f  b lo o d  drawn
from th e body was n o t due t o  c o o l in g ,  c e s s a t io n  
o f  movement or exposure t o  a i r .
Hewsonfs o b s e r v a t io n s  w ere f o r g o t t e n  u n t i l  a t t e n t io n  
was drawn to  them l a t e r  by Davy (1839) and G u l l iv e r  (1 8 4 6 ) .
I n i t i a t i o n  o f  c o a g u la t io n .
Hews on d em onstrated  th a t  th e  rem oval o f  b lo o d  from th e  
v a sc u la r  system  cau sed  c o a g u la t io n  t o  o c c u r . T h is  phenomenon 
was in v e s t ig a t e d  by R ich ard son  (1 8 5 8 ) who p o s t u la t e d  on th e  
r e s u l t s  o f  h i s  exp erim en ts th a t  th e r e  was an ammonia compound 
p r e se n t  in  th e  body w hich  k ep t th e  b lo o d  f l u i d ,  and th a t  on 
i t s  e sca p e  th e  b lo o d  c o a g u la te d . He b e l ie v e d  th a t  haem orrhagic  
d is e a s e  was due to  th e  accu m u la tio n  o f  t h i s  ammonia compound.
On th e  b a s i s  o f  t h i s  h y p o th e s is  he u sed  ammonia th era p y  f o r  
th e  management o f  in tr a v a s c u la r  thrombus fo r m a tio n . L i s t e r  
(1 8 5 8 , 1863) d isp r o v ed  th e  ammonia th e o ry  and con c lu d ed  
r i g h t l y ,  th a t c o n ta c t  w ith  a f o r e ig n  su r fa c e  was th e  mechan­
ism  w h ich  i n i t i a t e d  c o a g u la t io n .
Throm bin: The f i r s t  o f  th e  f a c t o r s  con cern ed  in  b lo o d
c o a g u la t io n  was d is c o v e r e d  as a consequence o f  th e  work o f  
D r. Andrew Buchanan (1 7 9 8 -1 8 8 2 ) . Buchanan was th e  f i r s t
~  20 -
P r o fe s s o r  o f  P h y s io lo g y  in  th e  U n iv e r s i ty  o f  G lasgow . 
Buchanan (1 8 3 5 , 1845) d is c o v e r e d  th a t  th e  w a sh in g s from  
f r e s h ly  form ed c l o t  w ould  c o a g u la te  h y d ro c o e le  or a s c i t i c  
f l u i d .  F r e sh ly  form ed serum a l s o  p o s s e s s e d  t h i s  p r o p e r ty .  
He b e l ie v e d  th a t  the a c t iv e  su b sta n ce  in  th e  w ash in g  from  
th e  c lo t  a c te d  upon a p r e c u r so r  o f  th e  f i b r i n  and r e s u l t e d  
i n  c o a g u la t io n . B uchananfs o b s e r v a t io n s  co u ld  b e  w r i t t e n
C oagulant su b sta n ce  
from c l o t
H yd rocoele
f l u i d
Vf
c i o t  !
A lexan d er Schm idt o f  D orpat in  Germany, unaware o f  
Buchanan*s i n v e s t i g a t io n s ,  in d ep en d e n tly  made s im i la r  ob­
s e r v a t io n s  i n  1 8 6 1 . He u sed  the term  Hf i b r i n  fer m en t” or  
ttthram binM t o  d e sc r ib e  th e  co a g u la n t a c t i v i t y  c o n ta in e d  in  
th e  f r e s h  serum or in  th e  w ash in gs from f r e s h  c l o t .  
(Schm idt 1 8 6 1 , 1 8 6 2 , 1 8 9 3 ) .
Thrombin 4- H ydrocoele
f l u i d
F ib r in
The term  throm bin has se cu re d  a perm anent p la c e  in  c o a g u la ­
t i o n  n om en cla tu re .
-  21 -
F ib r in o g e n : D en n is (1887 ) p r e p a r ed , by s a t u r a t io n  o f
plasm a w ith  sodium c h lo r id e ,  a p r e c i p i t a t e  w h ich  when r e ­
d is s o lv e d  underwent sp ontan eou s c o a g u la t io n , in d ic a t in g  th a t  
th e r e  was a s o lu b le  p r e c u r so r  o f  f i b r i n  in  th e  p la sm a .
T h is  p r e cu rso r  o f  f i b r i n  was c a l l e d  f ib r in o g e n .  aam m arsten  
11879) made an im p ortant c o n tr ib u t io n  by s tu d y in g  th e  p r e p a r a ­
t io n  o f  f ib r in o g e n . H is method c o n s i s t e d  o f  f r a c t io n a t io n  
by th e  a d d it io n  o f  sodium c h lo r id e  and f r e e in g  t h i s  compon­
e n t  from o th e r  plasm a p r o te in s  by r e p e a te d  p r e c i p i t a t i o n s .  
Schm idt d em onstrated  th a t  s o lu t io n s  o f  f ib r in o g e n  c o u ld  be  
c o a g u la te d  by th e  a c t io n  o f  throm bin .
Thrombin F ib r in o g e n
/
F ib r in
P roth rom b in : Schm idt made a p r e p a r a tio n  o f  throm bin
from f r e s h  serum by a lc o h o l  p r e c i p i t a t io n ,  bu t th e  a p p l ic a ­
t i o n  o f  th e  same tech n iq u e  to  plasm a f a i l e d  t o  produce any 
throm bin . He d em onstrated  th a t  throm bin was n o t p r e s e n t  
in  th e  c ir c u la t in g  b lo o d  and p o s tu la t e d  t h a t  i t  was form ed  
from  an in a c t iv e  p r e cu rso r  by th e  sh ed d in g  o f  b lo o d . T h is  
p r e cu rso r  o f  throm bin was c a l l e d  prothrom bin  by P e k e lh a r in g  
(q u ick  1 9 5 1 ) .
~  22-
Prothrom bin
F ib r in o g e n
\ /
F ib r in
T is s u e  e x t r a c t s ; Buchanan d em on strated  th a t  th e  f r e s h l y  
formed b lo o d  c l o t  c o n ta in e d  an a gen t ca p a b le  o f  c o a g u la t in g  
h y d ro co e le  f l u i d ;  he b e l ie v e d  th a t  th e  w h ite  c o r p u s c le s  o f  
th e  c l o t  w ere th e  a c t iv e  component and w ent on t o  demon­
s t r a t e  th a t  v a r io u s  t i s s u e s  had co a g u la n t p r o p e r t i e s . I t  
i s  now r e a l i s e d  th a t  th e  a c t io n  o f  th e  f r e s h  c l o t  i s  due t o  
throm bin, w hich  i s  n ot d e r iv e d  from w h ite  c e l l s ,  bu t th e  ob­
s e r v a t io n  o f  the co a g u la n t a c t io n  o f  t i s s u e  was one o f  im­
p o r ta n c e . When b lo o d  was c o l l e c t e d  and p a r t  d e l iv e r e d  t o  
a tube c o n ta in in g  t i s s u e  e x tr a c t  and p a r t  t o  a c le a n  tu b e ,  
th e  b lo o d  in  th e  t i s s u e  e x tr a c t  tube was o b serv ed  to  c o a g u la te  
in  a few seco n d s w hereas in  th e  c le a n  tu b e  i t  to o k  s e v e r a l  
m in u tes t o  c o a g u la te .  T is s u e  e x t r a c t s ,  t h e r e f o r e ,  w ere found  
t o  have marked co a g u la n t p r o p e r ty  w hich  d i f f e r e d  from  th e  
throm bin e f f e c t  in  th a t  th e y  were u n ab le  t o  c l o t  f ib r in o g e n .  
T is s u e  e x t r a c t s  were b e l ie v e d  t o  a c c e le r a t e  th e  c o n v e r s io n  
o f  prothrom bin t o  throm bin.
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Prothrom bin
✓
T is s u e
e x t r a c t s
\
Thrombin| F ib r in o g e n
\ /
F ib r in  |
C alciu m : In  1890 A rthur and Pagks o b serv ed  th a t  c a lc iu m
p r e c ip l t a n t s  in h ib i t e d  c o a g u la t io n , an e f f e c t  w h ich  c o u ld  be  
r e v e r se d  by th e  r e a d d it io n  o f  c a lc iu m . C alcium  was n o t  
r e q u ir e d  in  th e  th r o m b in -f ib r in o g e n  r e a c t io n  and i t  was con ­
c lu d ed  th a t  i t  was needed in  th e  r e a c t io n s  p r e c e d in g  throm bin  
fo rm a tio n .
Prothrom bin
T iss u e
e x tr a c t s
Calcium
Thrombin F ibrinogen
\
F ib rin
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C la s a io a l  Era (1 9 0 4 -1 9 4 5 )
The C la s s ic a l  T h eory*
In  1904 M orawitz c o l l e c t e d  th e  in fo r m a tio n  o b ta in e d  
from th e  exp erim en ts o u t l in e d  above and p o s t u la t e d  h i s  th e o r y > 
w hich  has become known a s  th e  C la s s ic a l  T h eory . T h is  s to o d  
u n ch a llen g ed  f o r  a lm ost f o r t y  y e a r s .  M oraw itz*s th e o ry  
s t a t e s  th a t  prothrom bin i s  c o n v e rted  to  throm bin  under th e  
in f lu e n c e  o f  th ro m b o p la s tin  and ca lc iu m . The throm bin th e n  
in t e r a c t s  w ith  f ib r in o g e n  t o  produce f i b r i n .  A t th e  tim e  
o f  in tr o d u c t io n  o f  h is  th e o r y  M orawitz u sed  th e  term  throm bo­
p l a s t i n  in  r e fe r e n c e  t o  t i s s u e  e x t r a c t s  b e l i e v i n g  th a t  t h i s  
was th e  on ly  req u irem en t to g e th e r  w ith  ca lc iu m  needed  f o r  
th e  c o n v e r s io n  o f  prothrom bin t o  throm bin . We r e a l i s e  now 
th a t  t h i s  in t e r p r e t a t io n  o f  th r o m b o p la stic  a c t i v i t y  i s  to o  
narrow , b u t a llo w in g  f o r  t h i s  M orawitz th e o r y  i s  s t i l l  v a l i d .
Prothrom bin
T hrom bop lastin
Calcium
Thrombin
C la s s ic a l  Theory  
o f  B lo o d  
C o a g u la tio n .
F ib rin
Fibrinogen
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M orawitz a p p r e c ia te d  th a t  in  the c ir c u la t in g  b lo o d  p r o ­
throm bin , ca lc iu m  and f ib r in o g e n  were p r e s e n t  and he su g ­
g e s te d  th a t  th e  m aintenance o f  th e  normal in t r a v a s c u la r  
f l u i d  s t a t e  o f  th e  b lo o d  was due t o  th e  a b sen ce  o f  a c t iv e  
th r o m b o p la stic  a c t i v i t y .  I t  was b e l ie v e d  th a t  on in ju r y  
th r o m b o p la stic  a c t i v i t y  was d e r iv e d  from  th e wounded t i s s u e  
or from th e  d i s in t e g r a t io n  o f  p l a t e l e t s .
R esearch  du rin g  the C la s s ic a l  Era was m a in ly  d e v o ted  
t o  th e  developm ent o f  our knowledge o f  th e  com ponents o f  th e  
C la s s ic a l  T h eory .
P roth rom bin: I t  was n o t u n t i l  many y e a rs  a f t e r  M orawitz
p o s tu la te d  h i s  C la s s ic a l  Theory th a t  prothrom bin  was a c c e p te d  
a s a r e a l  e n t i t y  in  the c o a g u la t io n  sy stem ; i t  was a hypo­
t h e t i c a l  su b stan ce  when f i r s t  p ro p o sed . There have b een  
many h y p o th e t ic a l  com ponents o f  the c o a g u la t io n  sy stem  w h ich  
have n ot w ith s to o d  the advance o f  sound e x p er im en ta l o b se r v a ­
t i o n ,  but prothrom bin  has b een  g e n e r a l ly  a c c e p te d . The b e s t  
e a r ly  o b s e r v a t io n s  on prothrom bin were made by B o rd et and 
D elange (1 9 1 4 ) . They added t o  plasm a an in s o lu b le  in o r g a n ic  
p r e c ip i t a t e  (ca lc iu m  p h o sp h a te ) , w h ich  was su b se q u e n tly  r e ­
moved b y  c e n t r i fu g a t io n ;  th e  su p ern a ta n t f a i l e d  t o  c l o t  on  
th e  a d d it io n  o f  t i s s u e  e x tr a c t  and c a lc iu m . They w ere a b le  
to  e lu t e  from th e ca lc iu m  ph osp h ate  a su b s ta n c e , w hich  when 
added to  th e  su p ern a ta n t w ould r e s to r e  normal c o a g u la t io n .
-  Z G '
T h is p r o v id e d  r e a so n a b le  p r o o f  o f  th e  e x is t e n c e  o f  prothrom ­
b in .
Plasma F r a c t io n a t io n  by A d so rp tio n  on In o rg a n ic  P r e c i p i t a t e s .
The work o f  B ord et and D elange in tr o d u c e d  im p ortan t  
te c h n iq u e s  to  la b o r a to r y  r e se a r c h  on b lo o d  c o a g u la t io n . The 
a d d it io n  o f  ca lc iu m  phosp hate t o  plasm a was u sed  by  them a s  
a m ethod o f  f r a c t io n a t io n  by a d so r p tio n  o f  a s p e c i f i c  co a g ­
u la t io n  component on th e  in o r g a n ic  p r e c i p i t a t e .  T h is  
tech n iq u e  has b een  u sed  e x t e n s iv e ly  d u rin g  th e  work d e s c r ib e d  
i n  t h i s  t h e s i s ,  the ad sorb in g  in o r g a n ic  p r e c i p i t a t e  b e in g  
aluminium hyd rox id e (a lu m in a ). C e r ta in  c o a g u la t io n  f a c t o r s  
are  adsorbed  on th e  in o r g a n ic  p r e c ip i t a t e  and removed b y  
c e n tr i f u g a t io n  w h ile  o th e r s  are l e f t  in  th e  su p e r n a ta n t .
The exp erim en ts o f  B ord et and D elange a l s o  in tr o d u c e d  an 
im p ortant p r in c ip le  to  b lo o d  c o a g u la t io n  r e s e a r c h  in  th a t  
c l o t t i n g  can be p r e v en te d  by the rem oval o f  a f a c t o r  and th e  
d e f e c t  c o r r e c te d  by i t s  r e s t o r a t io n .  L a te r  w orkers (N o lf  
1945 , Owren 1 9 4 7 , F a n tl and Nance 1 9 4 8 , Ware and S a g ers  
1948) u sed  th e  p r o p e r ty  o f  a d s o r p tio n  o f  prothrom bin  upon  
in o r g a n ic  p r e c ip i t a t e s  a s  th e  b a s i s  f o r  m ethods o f  p r e p a r a ­
t i o n  o f  prothrom bin .
T h ro m b o p la stin : The term  th ro m b o p la stin  in  th e  C l a s s i ­
c a l  Theory was u sed  b y  M orawitz in  p a r t ic u la r  r e fe r e n c e  t o  
th e  co a g u la n t a c t i v i t y  o f  t i s s u e  e x t r a c t s .  I t  i s  now
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a p p r e c ia te d  t h a t  su ch  t i s s u e  e x tr a c t s  form  o n ly  a p a r t  o f  
th e  mechanism in v o lv e d  in  th e  c o n v e r s io n  o f  prothrom bin  t o  
throm bin . The developm ent o f  th r o m b o p la s t ic  a c t i v i t y  in  
w hich  t i s s u e  i s  an e s s e n t i a l  component i s  r e f e r r e d  t o ,  
through out t h i s  t h e s i s ,  a s e x t r i n s i c  th r o m b o p la s t in . D uring  
th e  era  o f  th e  C la s s ic a l  Theory on ly  v e r y  l im i t e d  a t t e n t io n  
was p a id  to  the b lo o d 's  own th ro m b o p la stin  m echanism ( i n ­
t r i n s i c  th r o m b o p la s t in ) , though i t  was a p p r e c ia te d  th a t  su ch  
a mechanism p rob ab ly  d id  e x i s t .  B lood  c o l l e c t e d  w ith o u t  
t i s s u e  co n ta m in a tio n  c l o t s  under th e  in f lu e n c e  o f  t h i s  i n ­
t r i n s i c  th ro m b o p la stin  sy stem .
E x t r in s ic  T h ro m b o p la stin : As m en tion ed  a b o v e , b lo o d ,
w h ich  i s  c o l l e c t e d  by venepun ctu re and in  p a r t  d e l iv e r e d  to  
a c le a n  tu b e , and in  p a r t  to  a tube c o n ta in in g  t i s s u e  e x t r a c t ,  
ta k e s  s e v e r a l  m inu tes t o  c o a g u la te  in  th e  c le a n  tu b e , w hereas  
i t  r e q u ir e s  o n ly  a few  secon d s in  th e  t i s s u e  e x tr a c t  tu b e .
T h is  a c c e le r a t in g  e f f e c t  o f  t i s s u e  on c o a g u la t io n  i s  due t o  
th e  e x t r i n s i c  th ro m b o p la stin  sy s te m .
The ch em ica l n a tu re  o f  t h i s  t i s s u e  f a c t o r  h a s b een  i n ­
v e s t ig a t e d .  There i s  some m easure o f  agreem ent th a t  a 
l i p o i d  i s  a t  l e a s t  a p a r t o f  th e  r e a c t in g  p r i n c i p l e .  Some 
have s a id  th a t  t h i s  i s  a l e c i t h i n ,  o th e r s  th a t  i t  i s  a 
c e p h a lin . I t  i s  prob ab le  th a t  th r o m b o p la stic  a c t i v i t y  i s  
enzym atic  in  n a tu re  a c c e le r a t in g  throm bin  fo rm a tio n  from
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prothrom bin  b u t n o t a f f e c t in g  th e  e v e n tu a l amount form ed. 
P r o t e o ly t i c  enzymes have b een  shown t o  form  throm bin from  
p rothrom bin . M acfarlane and P i l l i n g  (1946 ) and M acfarlane  
(1947) d em onstrated  th a t  so y a  bean t r y p s in  i n h i b i t o r ,  w hich  
i s  a n t i p r o t e o ly t i c ,  i n h ib i t s  th e  a c t io n  o f  th r o m b o p la s t in . 
I n t r i n s i c  T h rom b op lastin .
Throm bocytopenia and P l a t e l e t s »
Morawitz b e l ie v e d  th a t  th e re  was th r o m b o p la s tic  a c t i v i t y  
in  p l a t e l e t s  and th a t  the c o a g u la t io n  o f  b lo o d  in  c o n ta c t  
w ith  wound s u r fa c e s  was the consequence n o t o n ly  o f  th e  
th r o m b o p la stic  a c t io n  o f  t i s s u e  b u t a l s o  o f  p l a t e l e t s .  He 
b e l ie v e d  th a t  t h i s  was r e le a s e d  from p l a t e l e t s  when th e y  came 
in  c o n ta c t  w ith  the f o r e ig n  su r fa c e s  o f  th e  wound. V a r io u s  
contem porary w orkers had p o s tu la te d  th a t  p l a t e l e t s  were con ­
cern ed  w ith  c o a g u la t io n . Hayem (1 8 7 7 ) , B Iz z o ze ro  (1888)  
and Burker (1904) a l l  b e l ie v e d  th a t  p l a t e l e t s  had some r o le  
t o  p la y  in  c o a g u la t io n . D elezen n e (1897) d em on stra ted  th a t  
th e  rem oval o f  throm bocytes from goose  b lo o d  by c e n t r i f u g a t io n  
made i t  in c o a g u la b le . There were some who b e l ie v e d  th a t  
p l a t e l e t s  p ro v id ed  prothrom bin b u t t h i s  was d isp r o v ed  by th e  
exp erim en ts o f  B ordet and D elange (1 9 1 2 ) , E ag le  (1 9 2 5 ) , M il ls  
(1 927 ) and F erguson  (1 9 3 6 ) .
In  1911 B ordet and D elange made im p ortan t o b s e r v a t io n s  
on the a c t io n  o f p l a t e l e t s ;  th ey  showed th a t  very  l i t t l e
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throm bin i s  form ed in  serum from  plasm a f r e e d  from  p l a t e l e t s  
and t h a t  th e  serum c o n ta in e d  much p roth rom b in . A f t e r  c l o t ­
t in g  o f  normal b lo o d  serum c o n ta in e d  o n ly  t r a c e s  o f  p r o ­
throm bin; prothrom bin  consum ption  th e r e fo r e  was d e f e c t iv e  
where th e re  was a d e f ic ie n c y  o f  p l a t e l e t s  (B ordet and 
D elange 1 9 1 2 ) . These o b s e r v a t io n s  w ere o f  fun dam ental im­
p o r ta n c e ;  th e y  were th e  f i r s t  o b s e r v a t io n s  o f  im portance  
in to  th e  b lo o d 's  own th ro m b o p la stin  ( i n t r i n s i c  th r o m b o p la s t in ) .  
Prothrom bin c o n v e r s io n  t o  throm bin i s  depend en t on th e  p r e s ­
ence o f  th r o m b o p la stin . When th e  th r o m b o p la s t ic  a c t i v i t y  
o f  th e  b lo o d  i s  norm al, th e  prothrom bin  i s  c o n v e r te d  c o m p le te ly  
t o  throm bin by th e  end o f  one hour a f t e r  w ith d raw al o f  th e  
b lo o d , i f  i t  i s  m a in ta in ed  a t  37° C. Where th e r e  i s  c o n s id ­
e r a b le  prothrom bin l e f t  a f t e r  one hour a t  3 7 °  C. th e r e  i s  
d e f e c t iv e  developm ent o f  th r o m b o p la s tic  a c t i v i t y .  T h is  I s  
th e  b a s i s  o f  th e  w ell-k n ow n  proced u re c a l l e d  th e  prothrom bin  
consum ption t e s t .  D e fe c t iv e  prothrom bin consum ption  i s  a 
n o n - s p e c i f ic  in d ic a t io n  o f  f a i lu r e  o f  i n t r i n s i c  thrombo­
p l a s t i n .  The d em o n stra tio n  by B ord et and D elange o f  d e f e c t ­
iv e  prothrom bin u t i l i s a t i o n  in  throm b ocytop en ia  p ro v id ed  
good ev id en ce  th a t  p l a t e l e t s  were r e q u ir e d  f o r  i n t r i n s i c  
th ro m b o p la stin  fo r m a tio n .
H aem ophilia  and a n t i-h a e m o p h ilio  g lo b u l in . H opff i n ­
trod u ced  th e  term  h aem op h ilia  in  1 8 3 7 . A n c e ll  in  1 8 3 9 -1 8 4 0
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d e sc r ib e d  i t  a s  an h e r e d ita r y  c o n d it io n ,  a f f e c t in g  th e  m a les  
o f  a fa m ily  bu t cap ab le  o f  tr a n s m is s io n  by th e  fe m a le .
War dr op (1835) c o n s id e r e d  th a t  th e  d is e a s e  was due to  a d e ­
f i c i e n c y  o f  th e  c o a g u la t in g  powers o f  th e  b lo o d . L is t o n  
(18 3 8 -1 8 3 9 ) dem on strated  th a t  th e r e  was d e f i c i e n t  f i b r i n  
fo rm a tio n  in  th e  b lo o d . A n c e ll  (1 8 3 9 -1 8 4 0 ) r e c o g n iz e d  th e  
b e n e f i c i a l  e f f e c t s  o f  b lo o d  t r a n s f u s io n  in  th e  c o n d it io n .  
W eil (1906 ) was the f i r s t  t o  r e c o g n ise  th a t  th e  a d d it io n  o f  
a sm a ll q u a n tity  o f  normal plasm a t o  th e  h a e m o p h ilic  p lasm a  
c o r r e c te d  t h i s  d e f e c t .  A ddis (1911) d em on stra ted  in  v i t r o  
th a t  2 0  p er  c e n t o f  norm al plasm a r e s to r e d  th e  c l o t t i n g  tim e  
o f  h a em o p h ilic  p lasm a. He th en  showed th a t  a f r a c t io n  o f  
normal p lasm a, prep ared  by a c id  p r e c i p i t a t io n  o f  th e  g lo b u ­
l i n s  w ith  su bseq uent rem oval o f  f ib r in o g e n ,w a s  a b le  t o  c o r ­
r e c t  th e  h a em o p h ilic  d e f e c t .  I t  co u ld  have b een  deduced  
from t h i s  experim en t th a t a c l o t t i n g  f a c t o r  la c k in g  in  
h a em o p h ilia  was p r e s e n t  in  th e  g lo b u l in  f r a c t io n  o f  normal 
plasm a. To Fursky in  1924 g o es  th e  c r e d i t  f o r  d em on stra t­
in g  th a t  normal plasm a d e p r iv ed  o f  p l a t e l e t s  was a s good a s  
w hole b lo o d  in  sh o r te n in g  th e  c lo t t i n g  tim e o f  h a em o p h ilic  
b lo o d . T h is confirm ed th a t  th e  d e f e c t  in  h a em o p h ilia  was 
r e la t e d  to  th e  plasm a r a th e r  than th e  p l a t e l e t s .  P oh le  and 
T a y lo r  (1937) produced a c o n c e n tr a te d  !,g lo b u l in  m a t e r ia l” 
w hich red uced  th e  c o a g u la t io n  tim e in  h a e m o p h ilia .
B rinkhous (1939) dem on strated  d e f e c t iv e  p rothrom bin  
consum ption in  h a e m o p h ilia . T h is  was v a lu a b le  e v id e n c e  
th a t  the d e f e c t  in  h a em o p h ilia  was an i n a b i l i t y  t o  form  in ­
t r i n s i c  th r o m b o p la s t in . S in c e  th e  m is s in g  plasm a component 
i s  a g lo b u l in ,  i t  has b een  c a l l e d  a n t i-h a e m o p h ilic  g lo b u l in  
(A .H .G .) . I t  was b e l ie v e d  in  v iew  o f  th e  d e f e c t iv e  p r o ­
throm bin consum ption th a t  A .H .G . was needed  f o r  b lo o d  throm bo­
p l a s t i n  fo r m a tio n .
As th rom bocytopen ia  and h a em o p h ilia  b o th  had d e f e c t s  
c h a r a c te r is e d  by i n a b i l i t y  t o  c o n v e r t prothrom bin  t o  throm ­
b in  i t  was a p p r e c ia te d  th a t  p l a t e l e t s  and a n tih a e m o p h ilic  
g lo b u l in  (A .H .G .) were l i k e l y  to  be e s s e n t i a l  com ponents o f  
b lo o d  th r o m b o p la s tin . P l a t e l e t s  can be p rep ared  by th e  
d i f f e r e n t i a l  c e n t r i f u g a t io n  o f  plasm a and plasm a f r a c t io n s  
p rep ared  c o n ta in in g  A.H .G . When th e se  w ere in c u b a ted  t o ­
g e th e r ,  how ever, no a p p r e c ia b le  th r o m b o p la s tin  a c t i v i t y  was 
d e v e lo p e d . T h is  system  was r e c o g n iz e d  th e r e fo r e  to  be i n ­
co m p lete . The work d e sc r ib e d  in  t h i s  t h e s i s  i s  con cern ed  
in  la r g e  p a r t w ith  th e  a p p l ic a t io n  t o  c l i n i c a l  m ed ic in e  o f  
th o s e  a s p e c ts  o f  b lo o d  c o a g u la t io n  r e la t in g  to  th e  r e c e n t  
developm ents o f  our knowledge o f  i n t r i n s i c  th r o m b o p la s t in .  
Q u ick 's  o n e -s ta g e  ^prothrom bin” t e s t .
In  1935 Q uick in tro d u ced  h i s  w e l l  known and v a lu a b le  
t e s t .  T h is  t e s t  was b ased  on th e  C la s s i c a l  Theory and was
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t h e o r e t i c a l l y  sound a t  th e  tim e o f  i t s  in t r o d u c t io n .  The 
p r in c ip le  o f  th e  t e s t  was th a t  th e  a d d it io n  t o  p lasm a o f  an 
e x c e s s  o f  t i s s u e  e x t r a c t  and ca lc iu m  w ould  le a v e  o n ly  one 
l im i t in g  f a c t o r ,  prothrom bin w h ich  c o u ld  th e r e fo r e  h e  m eas­
u r e d . For t h i s  to  be tru e  i t  had to  be assum ed th a t  th e  
sp eed  o f  throm bin fo rm a tio n  under th e s e  c o n d it io n s  i s  p r o ­
p o r t io n a l  o n ly  to  th e  amount o f  prothrom bin  p r e s e n t .  I t  
i s  now a p p r e c ia te d  th a t  th e  t e s t  i s  a m easure o f  th e  r a t e ,  
n o t the amount o f  prothrom bin c o n v e r s io n . N e v e r th e le s s  i t  
h as l e d  t o  the e lu c id a t io n  o f  many a s p e c t s  o f  b lo o d  c o a g u la ­
t i o n  and i s  s t i l l  th e  m ost commonly u sed  m ethod f o r  th e  co n ­
t r o l  o f  a n t ic o a g u la n t  th erap y  w ith  th e  coum arin d r u g s . A 
p ro lo n g ed  c l o t t i n g  tim e by th e  o n e -s ta g e  t e s t  i s  p o p u la r ly ,  
b u t e r r o n e o u s ly , r e fe r r e d  to  a s due to  "hypoprothrom binaem ia". 
The t i s s u e  e x tr a c t  in  p op u lar  u se  i n  t h i s  t e s t  i s  an a c e to n e -  
d r ie d  e x tr a c t  o f  r a b b it  or human b r a in .
P o s t - C la s s ic a l  Era (1 9 4 3 -1 9 5 6 ) .
The develop m en ts in  our u n d ersta n d in g  o f  b lo o d  c o a g u la ­
t io n  s in c e  1943 are in t im a t e ly  r e la t e d  to  th e  su b je c t  m a tter  
o f  t h i s  t h e s i s  and w i l l  be c o n s id e r e d  in  d e t a i l  i n  th e  s u c ­
cee d in g  c h a p te r s . The d is c o v e r y  In  1943 by Owren o f  a 
p a t ie n t  w ith  a p ro lo n g ed  o n e -s ta g e  "prothrom bin” t im e , n o t  
due t o  d e f ic ie n c y  o f  prothrom bin r e v e a le d  a d isc r e p a n c y  in  
th e  C la s s ic a l  Theory and le d  to  th e  d is c o v e r y  o f  f a c t o r  V .
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(Owren 1 9 4 7 ) . A fu r th e r  d isc r e p a n c y  in  th e  o n e -s ta g e  t e s t  
l e d  soon  t h e r e a f t e r  t o  th e  d is c o v e r y  o f  y e t  a fu r th e r  c o ­
a g u la t io n  f a c t o r  -  f a c t o r  V I I .
Other T h e o r ie s  o f  B lo o d  C o a g u la t io n .
In  order t o  fo llo w  some r e a so n a b le  seq u en ce in  t h i s  
c h a p te r >I  have p u r p o se ly  fo llo w e d  th e  b a s i s  o f  th e  C l a s s i c a l  
T h eory . T h is  g iv e s  the f a l s e  Im p ress io n  o f  c o n tin u e d  p r o ­
g r e s s  a lo n g  one l i n e  o f  th o u g h t. T here w ere how ever many 
v ery  d i f f e r e n t  th e o r ie s  during t h i s  p e r io d  w h ich  added t o  th e  
c o n fu s io n  o f  th e  contem porary w o rk ers . T h ese a d d it io n a l  
t h e o r ie s  g iv e  some a p p r e c ia t io n  o f  th e  d i f f i c u l t i e s  w hich  
may b e s e t  th e  c o a g u la t io n  worker and an accou n t o f  them  has  
b een  g iv e n  by B ig g s  and M acfarlane 1 9 5 3 . Only a few  are  
m en tioned  h e r e .
H o w e ll's  Theory (H ow ell 1 9 3 5 ) .
T h is  th e o ry  s t a t e d  th a t th e  occu rren ce  o f  c o a g u la t io n  
was due t o  t h e  rem oval o f  an in h ib i t o r .  H ow ell b e l ie v e d  th a t  
prothrom bin was c o n v er ted  to  throm bin  b y  th e  a c t io n  o f  c a l ­
cium a lon e  and th a t  th e  f l u i d i t y  o f  th e  c ir c u la t in g  b lo o d  
was due to  th e  prothrom bin b e in g  in  com b in ation  w ith  h e p a r in .  
T h rom bop lastin  in a c t iv a t e d  th e  h e p a r in  and p e r m itte d  the  
a c t iv a t io n  o f  prothrom bin to  throm bin by  c a lc iu m . T h is  
th eo ry  has been  d isp r o v ed  by th e  o b s e r v a t io n  th a t  p r e p a r a t io n s
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o f  prothrom bin  cannot be c o n v erted  t o  throm bin under th e  
in f lu e n c e  o n ly  o f  ca lc iu m  and b r a in  e x tr a c t  . (N o lf  1 9 45 ,
Owren 1 9 4 7 , Ware and S e e g e r s  1948 and M ils to n e  1 9 4 8 ) .
The T heory o f  N o l f .
The work o f  N o lf i s  w orthy o f  s p e c ia l  m en tio n . I t  
co v ers  a lm ost th e  whole e r a  o f  th e  c l a s s i c a l  th e o r y  from  
1 9 0 8 -1 9 4 5 . H is w ork, w hich was p rob ab ly  th e  m ost p r o g r e s s iv e  
o f  i t s  t im e , r e c e iv e d  l i t t l e  r e c o g n it io n  b e c a u se  o f  th e  com­
p l e x i t y  o f  some o f  h is  w r it in g s  and e x p e r im en ta l d e t a i l s .
I t  was n o t u n t i l  the c l a s s i c a l  e ra  was on th e  wane th a t  h i s  
exp erim en ts and c o n c ep ts  r e c e iv e d  g e n e r a l r e c o g n i t io n .
In  1908 he reco rd ed  h i s  v ie w s  in  th e  f o l lo w in g  e q u a t io n : -
Thrombozyme 4 throm bogen 4 f ib r in o g e n
(e q u iv a le n t  t o  
prothrom bin)
(e q u iv a le n t  
t o  f a c t o r  V )
throm bin
A c c e le r a te d  
by t i s s u e  
and c a lc iu m
In  1945 N o lf  r e s t a t e d  h i s  v iew s in  more modern te r m s.
By th e  trea tm en t o f  p lasm a w ith  Ca3 (P04 ) he c o u ld  remove h i s  
thrombozyme le a v in g  b eh in d  throm bogen and f ib r in o g e n .  The 
thrombogen o f  N o lf  corresp on d s t o  th e  f a c to r  V o f  Owren.
- 3d-
The Theory o f B ordet
B ordet (1 9 2 0 ) ob served  th a t  b ir d  b lo o d  c o l l e c t e d  in t o  
p a r a f f in  l in e d  c o n ta in e r s  c lo t t e d  more s lo w ly  than  when i t  
was d e l iv e r e d  in t o  u n tr e a te d  g la s s  s u r f a c e s .  T h is
su g g e s te d  th a t som ething p r e se n t in  th e  b lo o d  was a c t iv a t e d  
by c o n ta c t .  B ird  and r a b b it  plasm a fr e e d  from most
c e l l s  by c e n tr ifu g in g  in  p a r a f f in  l in e d  c o n ta in e r s  c lo t t e d  
v e ry  s lo w ly  on th e  a d d it io n  o f  c a lc iu m , and a f t e r  
c o a g u la t io n  much serozym e (prothrom bin) rem ained in  th e  
serum. On th e  a d d it io n  o f th ro m b o p la stin  (cy tozym e)  
th e  serum formed throm bin a t g r e a te r  sp eed  than  d id  th e  
corresp on d in g  plasm a (B ordet and D e la n g e , 1 9 1 2 , Bordet 1 9 2 0 ) .  
B o r d e t1s th e o r y  may be summarised: -
c o n t a c t . Ca ++
P ro-serozym e ____________ ^  serozym e
Serozyme + cytozym e _______ Thrombin
Thrombin + f ib r in o g e n   ^ F ib r in
B ordet*s experim en ts were o f v a lu e  in  th a t  he dem on strated  
some change to  be o ccu rr in g  as a consequ en ce o f  c o n ta c t  w ith  
a fo r e ig n  su r fa c e  and a s a se q u e l t o  c o a g u la t io n  i t s e l f .
Robb-Sm ith has r e c e n t ly  a b ly  rev iew ed  many o f  th e  
h i s t o r i c a l  a s p e c ts  o f r e se a rc h  in t o  b lo o d  c o a g u la t io n  
(Robb-Sm ith 1 9 5 5 ) .
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I n h ib lto r y  M echanism s.
In  a d d it io n  t o  th e  system  f o r  th e  fo rm a tio n  o f  f i b r i n  
th e r e  i s  e v id en ce  o f  m echanism s f o r  th e  p r e v e n t io n  o f  f i b r i n  
fo rm a tio n  and f o r  i t s  rem oval when i t  has b e e n  d e p o s ite d  on 
in tr a v a s c u la r  s i t e s .  In  r e s p e c t  t o  th e  p r e v e n t io n  o f  f i b r i n  
fo rm a tio n  th e r e  i s  a p ow erfu l a n tith r o m b in , and p rob ab ly  an 
a n tith r o m b o p la s t in . The f i b r i n o l y t i c  m echanism  f o r  th e  
rem oval o f  f i b r i n  appears t o  b e  a s  com plex a s  t h a t  f o r  i t s  
fo r m a tio n .
A n tith ro m b in . When throm bin fo r m a tio n  in  w hole b lo o d
i s  s tu d ie d  i t  d isa p p e a r s  r a p id ly  fo l lo w in g  f i b r i n  fo r m a tio n .  
(Schm idt 1 8 9 2 ) . S o lu t io n s  c o n ta in in g  throm bin  c o a g u la te  
p r e p a r a tio n s  o f  f ib r in o g e n  more r a p id ly  th a n  th e y  do o x a l-  
a te d  or c i t r a t e d  plasm a (M orawitz 1 9 0 5 , M ellanby 1 9 0 9 ) .
T h is  a n tith ro m b in  a c t i v i t y  o f  p lasm a i s  p r e s e n t  in  th e  
album in f r a c t io n  (Q uick 1 9 3 8 );  prothrom bin  can be o b ta in e d  
from plasm a fr e e d  from  a n tith ro m b in  by  d i l u t i o n  and a c i d i f i c a ­
t io n  a t  PH5.
A n tith r o m b o p la s t in : When th e  p r o g r e s s  o f  b lo o d  thrombo­
p l a s t i n  fo rm a tio n  i s  fo l lo w e d  i t  w i l l  be  s e e n  t o  d e c r e a se  In  
p o ten cy  w ith  the p a ssa g e  o f  t im e . W hether t h i s  i s  a m easure  
o f  th e  i n s t a b i l i t y  o f  th e  th r o m b o p la stin  i t s e l f  or t o  th e  
e x is t e n c e  o f  a se p a r a te  in h ib it o r  system  i s  n o t known.
H ep arin . The d is c o v e r y  o f  h ep a r in  by  McLean in  1916  
l e d  t o  fu r th e r  stu d y  o f  th e  in h ib i t o r s  o f  b lo o d  c o a g u la t io n .
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H eparin in t e r f e r e s  w ith  th e  a c t io n  o f  throm bin and f i b r i n ­
ogen . T h is  a c t i v i t y  i s  dependent on a c o - f a c t o r ,  p r e s e n t  
i n  th e  album in f r a c t io n  o f  p la sm a . In  a sy stem  c o n ta in in g  
i s o l a t e d  throm bin and f ib r in o g e n  th e  h e p a r in  i s  r e l a t i v e l y  
in a c t iv e  in  th e  p r e v e n tio n  o f  th e  th r o m b in -f ib r in o g e n  r e ­
a c t io n  (H owell & H o lt 1 9 1 8 , Mell&nby 1 9 3 5 , Q uick 1 9 3 8 ) .
H owell a l s o  su g g e s te d  th a t  h ep a r in  in t e r f e r e d  w ith  th e  r e ­
a c t io n s  p r e ce d in g  throm bin fo r m a tio n . No a p p r e c ia b le  amount 
o f  h ep a r in  has been  i s o l a t e d  from normal b lo o d  and th e  normal 
a n tith ro m b in  a c t i v i t y  i s  b e l ie v e d  t o  be in d ep en d en t o f  
h ep a r in  or i t s  c o fa c t o r .  (L y t t le to n  1 9 5 4 ) .
F i b r i n o l y s i s . In  th e  normal p r o c e s s  o f  h a e m o sta s is  
and th e  r e p a ir  o f  wounds th e  f i b r i n  d e p o s ite d  i s  n o t a p e r ­
manent s t r u c t u r e .  I t  s e r v e s  m erely  as a tem porary m ethod  
o f  p r e v e n tin g  b lo o d  l o s s  and o f  p r o v id in g  a su p p o r tin g  fram e­
work fo r  th e  grow th o f  f ib r o u s  t i s s u e .  When t h i s  permanent 
form o f  r e p a ir  i s  adequate th e  f i b r i n  I s  rem oved. S im i la r ly  
f i b r i n ,  w hich i s  d e p o s ite d  in t r a v a s c u la r ly  in  thrombus 
fo rm a tio n  can be rem oved. The b lo o d  i t s e l f  c o n ta in s  a 
f i b r i n o l y t i c  system  w hich  when f u l l y  a c t iv a t e d  i s  v e ry  pow er­
f u l  and capable o f  d i s s o lv in g  f i b r i n  in  a few  m in u te s . By 
r e c e n t ly  d ev e lo p ed  m ethods i t  can be shown th a t  normal b lo o d  
c o n ta in s  some a c t iv e  f i b r i n o l y s i n .  T h is  f i b r i n o l y t i c  a c t ­
i v i t y  may be much in c r e a s e d " ^  v i v o "  by p h y s io lo g ic a l  s t im u l i
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su ch  a s  e x e r c is e  or p a t h o lo g ic a l ly ,  f o r  exam p le , a f t e r  i n ­
ju ry  or in  c h ro n ic  parenchym atous l i v e r  d i s e a s e .  I t  i s  
b e l ie v e d  th a t  th e  a c t iv e  enzyme f i b r i n o l y s i n  has an in a c t iv e  
p r e cu rso r  p r o f ib r in o ly s in .  The a c t iv a t io n  o f  p r o f ib r in -  
o ly s in  t o  f i b r in o ly s i n  can be c a r r ie d  out f*in vitro** by th e  
a d d it io n  o f  t i s s u e  or o f  c e r ta in  b a c t e r i a l  enzym es p a r t ic u ­
l a r l y  s tr e p to k in o s e  and s tr e p to d o r n o s e . I t  can  a p p a r e n tly  
a l s o  be a c t iv a t e d  by  rem oval o f  an in h ib i t o r  sy stem , by  
trea tm en t w ith  ch loroform  or o th e r  organ ic  s o lv e n t s .  T ry p sin  
i s  cap ab le  o f  a c t iv a t in g  th e  sy stem  and i s  i t s e l f  p r o t e o l y t i c  
t o  f i b r i n .
| A n t if ib r in o ly s ir i
(Removed "in  
t f l tr o  by  
ch loro form )
T issu e
F ib r in
B a c t e r ia l
F ib r in o ly s in  (p la sm in )
P r o f ib r in o ly s in  (p la sm in ogen )
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CHAPTER 2  
THROMBIN -  FIBRINOGEN REACTION
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A ll  ex p er im en ta l o b s e r v a t io n s  in  b lo o d  c o a g u la t io n  d e ­
pend on th e  r e a c t io n  o f  throm bin w ith  f ib r in o g e n  and th e  
r e s u l t a n t  fo rm a tio n  o f  a f i b r i n  c l o t .  T h is  i s  th e  o n ly  end 
p o in t  in  th e  w hole f i e l d  o f  r e se a r c h  on b lo o d  c l o t t i n g  and 
through  t h i s  sm a ll window th e  c o a g u la t io n  w orker i s  a tte m p t­
in g  to  v iew  th e  co m p lica ted  r e a c t io n s  w h ich  form  our p r e se n t  
c o n c ep ts  o f  b lo o d  c o a g u la t io n . The fu r th e r  away from  t h i s  
end p o in t  a t  w hich any r e a c t io n  may be o c c u r r in g  th e  more 
d i f f i c u l t  i t  i s  to  s tu d y .
Thrombin can be d e f in e d  as the su b s ta n c e , d e r iv e d  from  
th e  prothrom bin o f  p lasm a, w hich  c l o t s  f ib r in o g e n  t o  form  
f i b r i n .  Thrombin i s  form ed from prothrom bin  by  a c o m p lic a ted  
ch a in  r e a c t io n ,w h ic h  i s  a t  p r e se n t  o n ly  p a r t i a l l y  u n d e rsto o d .
In  d e a lin g  w ith  th e  th r o m b in -fib r in o g e n  r e a c t io n  a t  t h i s  
s ta g e  th e  f i n a l  r e s u l t  i s  b e in g  d e s c r ib e d , b e fo r e  d e a lin g  
w ith  th e  r e a c t io n s  w hich p reced e  i t .  T h is  i s  i n e v i t a b l e ,  
how ever, th e  th r o m b in -fib r in o g e n  r e a c t io n  b e in g  th e  o n ly  
a v a i la b le  in d ic a to r  sy stem .
F ib r in o g e n .
F ib r in o g e n  i s  d e f in e d  a s a g lo b u l in  w h ich  in t e r a c t s  
w ith  throm bin t o  produce a v i s i b l e  f i b r i n  netw ork or c l o t .
I t  has a m o lecu la r  w eig h t o f  4 0 0 ,0 0 0  and th e  m o lecu le  i s  3 - 4
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t im es la r g e r  th an  th e  o th er  plasm a g lo b u l in s .  I t  i s  d e ­
s tr o y e d  by h e a t in g  to  4 7° C.
F ib r in o g e n  i s  p repared  from  plasm a by p r e c i p i t a t io n  
w ith  s a l t s ,  a lc o h o l  or e t h e r .  D i f f e r e n t  la b o r a t o r ie s  have  
u sed  d i f f e r e n t  s p e c ie s  o f  plasm a fo r  t h e ir  p r e p a r a t io n s  o f  
f ib r in o g e n  -  some u se human plasm a w h ile  o th e r s  u se  b o v in e  
p lasm a. The p u r it y  o f  th e  p r e p a r a tio n s  has v a r ie d  and has  
p rob ab ly  been  in  p a r t  r e s p o n s ib le  fo r  c o n tr a d ic to r y  r e s u l t s  
in  d i f f e r e n t  la b o r a t o r ie s .
The method o f  p r e p a r a tio n  o f  f ib r in o g e n  u se d  through out  
t h i s  work has b een  th a t  o f  Jaques (1943) and th e  d e t a i l s  are  
g iv e n  in  th e  appendix (page 555 ) .  Human plasm a was u sed  
throughout fo r  th e  p r e p a r a tio n  o f  th e  f ib r in o g e n .  I t  h as  
b een  shown by Avery and Monroe (1948) th a t  t h i s  i s  r e l a t i v e l y  
th e  p u r e s t  form o f  f ib r in o g e n  when compared w ith  o th e r  m eth­
ods in  common u s a g e . T h is  p r e p a r a tio n  o f  f ib r in o g e n  i s  f r e e  
from o th e r  known c o a g u la t io n  f a c t o r s  e x c e p t  a n tih a e m o p h ilic  
g lo b u lin  (th e  m iss in g  component in  h a em o p h ilia ) and p o s s ib ly  
p r o f ib r in o ly s in  (con cern ed  in  th e  f i b r i n o l y t i c  m echan ism ).
Measurement o f  F ib r in o g e n : T h is  was c a r r ie d  ou t b y  the
m icr o -K je ld a h l tech n iq u e  and th e  d e t a i l s  are g iv e n  in  th e  
app en d ix  (page ) .  T h is  i s  th e  o n ly  ch em ica l a ssa y  u sed  
through out t h i s  work -  th e  o th er  p ro ced u res a l l  b e in g  b i o ­
l o g i c a l .  The method i s  dependent on th e  assu m p tion  th a t
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f ib r in o g e n  i s  c o n v e r ted  q u a n t i t a t iv e ly  in t o  f i b r i n  b y  
throm bin . The f i b r i n  i s  th en  c a r e f u l ly  c o l l e c t e d  on a g l a s s  
r o d , washed so  f a r  a s  p o s s ib le  In  s a l i n e  t o  remove o th e r  
p r o te in s  and a ssa y ed  a s n itr o g e n  by th e  m ic r o -K je ld a h l  
te c h n iq u e .
Thrombin -  may be d e f in e d  a s  th e  a c t i v e  c o a g u la n t  o f  
f ib r in o g e n ,  w h ich  app ears in  plasm a d u rin g  i t s  c o a g u la t io n .
I t  i s  d e str o y e d  by h e a t in g  t o  6 0° C. b u t has a rem arkable  
r e s i s t a n c e  to  a c e to n e .
Thrombin i s  p rep ared  by s e p a r a t io n  o f  p rothrom bin  from  
an tith ro m b in  and th e  su b seq u en t a c t i v a t i o n  o f  t h i s  p r o ­
throm bin to  throm bin g iv e s  a s o lu t io n  from  w h ich  th e  throm bin  
can be p rep a red . S e e g e r s  e t  a l  (1 9 5 0 ) have p rep a red  throm ­
b in  from prothrom bin by d i s s o lv in g  th e  l a t t e r  in  2 5 %  c i t r a t e .  
(A s im ila r  experim en t I s  d e sc r ib e d  in  th e  ap p en d ix  p a g e  5 ) .
U sin g  t h i s  m ethod no ex tr a n e o u s  f a c t o r s  w ere added and th e  
p rod u ct was s a id  th e r e fo r e  t o  be "pure1*. T h is  p ro d u ct when  
t e s t e d  e l e c t r o p h o r e t ic a l ly  was found t o  c o n s i s t  o f  th r e e  com­
p o n e n ts . Thus th e re  i s  some doubt about th e  ch em ica l p u r i t y  
o f  ev en  th e  b e s t  p r e p a r a tio n s  o f  throm bin . The p r e p a r a t io n  
o f  prothrom bin u sed  by S e e g e r s  in  th e s e  e x p e r im e n ts , i t  i s  
now a p p r e c ia te d , c o n ta in e d  a t  l e a s t  two o th e r  c o a g u la t io n  
com ponents.
The p r e p a r a tio n s  o f  throm bin u sed  in  t h i s  p r e s e n t  work
F ig u re  (1 )
f h r o m D i n - f i b r i n o g e n  d i l u t i o n  c u r v e .
O rdinate -  c l o t t i n g  tim e o f  f ib r in o g e n  in  se co n d s .
A b sc is sa  -  throm bin u n i t s .
0 .4  m l. amounts o f  f ib r in o g e n  were c lo t t e d  w ith  
v a r io u s  c o n c e n tr a t io n s  o f  throm bin and th e  c l o t t i n g  tim e  
r eco rd ed . The b a tc h e s  o f  f ib r in o g e n  were found u s u a l ly  
to  " f i t 11 curve A. O c c a s io n a lly  t h i s  h as n o t been so and 
curve B r e p r e s e n ts  a se p a r a te  curve prepared  fo r  one 
p a r t ic u la r  batch o f  f ib r in o g e n .
In  th e  accom panying f ig u r e  i s  shown an example o f  
th e  d i f f e r in g  r e s u l t ,  w hich may a r is e  from a s e t  o f  
c lo t t i n g  tim es  o f  f ib r in o g e n , when read  o f f  th e  cu rves  
A and B. In  t h i s  experim en t th e  p r o g r e ss  o f  throm bin  
form ation  from prepared  prothrom bin was b e in g  s tu d ie d .  
T h is i l l u s t r a t e s  th e  imporuance o f  u s in g  th e  throm bin- 
f ib r in o g e n  d i lu t io n  a p p ro p r ia te  to  th e  b atch  o f  
f ib r in o g e n  in  u s e .
Sec
96
Thrombin Units
Thrombin
Units
IO-
84 62
Time in minutes
so  -
have b een  shown to  c o n ta in  tr a c e s  o f  th r c m b o p la st ic  a c t i v i t y  
b u t th e  p r e p a r a tio n s  are a d eq u a te ly  pure fo r  m ost o b se r v a ­
t i o n s .  The d e t a i l s  o f  th e  method u sed  fo r  th e  p r e p a r a tio n  
o f  throm bin are g iv en  in  th e  appendix ( p a g e  *5^6 ) .
I n te r a c t io n  o f  throm bin and f ib r in o g e n . T h ro m b in -fib r in o g en  
D ilu t io n  c u r v e .
When in c r e a s in g  c o n c e n tr a tio n s  o f  throm bin are added t o  
f ib r in o g e n  in  an a n tith r o m b in -fr ee  system  th e  c l o t t i n g  tim e  
sh o r te n s  p r o p o r t io n a te ly  and i t  can be shown th a t
C .T ♦ oL Formula (1 )
T
C .T . = C lo t t in g  Time 
T . * Cone, o f  throm bin.
T h is means th a t  i f  we have tw ic e  th e  c o n c e n tr a t io n  o f  throm ­
b in  th e  c lo t t i n g  tim e o f  the f ib r in o g e n  i s  h a lv e d . In
f ig u r e  I a curve i s  shown w hich i s  p rep ared  by c lo t t i n g
0 .4  amounts o f  f ib r in o g e n  w ith  0 .1  amounts o f  v a r y in g  
s tr e n g th s  o f  throm bin. T h is can be ex p ressed  a s  a s t r a ig h t  
l i n e  r e la t io n s h ip  by p lo t t in g  th e  c lo t t i n g  tim e a g a in s t  th e  
r e c ip r o c a l  o f  the c o n c e n tr a tio n  o f  throm bin. (See F ig u re  Z  ) .  
T h is l i n e  does not p a ss q u ite  through th e  z er o  p o in t  a s  no 
m a tter  how co n cen tra ted  th e  throm bin^ it s t i l l  r e q u ir e s  some 
tim e to  c l o t .  At low c o n c e n tr a tio n s  o f  throm bin th e  
r e la t io n s h ip  i s  a l s o  u n r e l ia b le  becau se  the p r o c e s s  o f
F i g u r e  ( 2 )
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T h r o m b in - f ib r in o g e n  d i l u t i o n  c iirve «
(Throm bin c o n c e n t r a t i o n  a s  a  r e c i p r o c a l ) .
O rdinate -  c l o t t i n g  tim e o f  f ib r in o g e n  in  se co n d s .
A b sc is sa  -  c o n c e n tr a t io n  o f  throm bin as a r e c ip r o c a l .
0 ,4  m l. amounts or f ib r in o g e n  were c lo t t e d  w ith
v a r io u s  c o n c e n tr a t io n s  o f  throm bin and th e  c l o t t i n g  tim es
r eco rd ed . I t  w i l l  oe se en  th a t  when th e  c l o t t i n g  tim es
p
o f  t h e  f i b r i n o g e n  a r e  p l o t t e d  a g a i n s t  t h e  r e c i p r o c a l  o f  
t h e  c o n c e n t r a t i o n  o f  tn r o u iD in ^  t h e r e  i s  a s t r a i g h t  l i n e  
r e l a t i o n s h i p .
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c o a g u la t io n  i s  more p r o tr a c te d  and no c le a r  end p o in t  can be 
d e f in e d . The r e la t io n s h ip  ex p ressed  above i s  o n ly  tr u e  
w ith in  c e r ta in  l i m i t s .  I t  i s  found in  p r a c t ic e  however 
th a t  th e  range i s  adequate to  cover m ost ex p er im en ta l o b ser v a ­
t i o n s .  Astrup and D a r lin g  (1941) have dem onstrated  t h a t  im­
pure p r e p a r a tio n s  o f  f ib r in o g e n  do not obey t h i s  r e la t io n s h ip  
and th e r e fo r e  on ly  "pure1* p re p a r a tio n s  sh ou ld  be u sed .
P r in c ip le s  in  the a ssa y  o f prothrom bin.
The measurement o f  prothrom bin i s  dependent on th e  a ssa y  
o f  th e  throm bin, which can be produced from th e prothrom bin .
In  such a tech n iq u e the thrombin I s  d evelop ed  from th e  p r o ­
throm bin in  an in cu b a tio n  m ixture and th e  throm bin a ss a y e d ,  
by tr a n s fe r r in g  a t  in t e r v a ls  a l iq u o ts  in t o  f ib r in o g e n , th e  
c l o t t i n g  tim e o f  w hich i s  determ ined . Such a tech n iq u e  i s  
d e sc r ib e d  a s a tw o -sta g e  method. In a o n e -s ta g e  method th e  
f ib r in o g e n  i s  in  the in cu b a tio n  m ixture and i s  c lo t t e d  by th e  
throm bin a s  i t  d e v e lo p s .
I t  has been  shown by B iggs (1951) t h a t ,  w h ile  w orking  
in  an an tith rom b in  fr e e  system , when prothrom bin i s  co n v erted  
to  throm bin in  the tw o -sta g e  te c h n iq u e , then th e  amount o f  
throm bin formed as rep resen ted  by th e  minimum c l o t t i n g  tim e  
o f  th e  f ib r in o g e n  i s  d ir e c t ly  p ro p o r tio n a l t o  th e  amount o f  
prothrom bin p r e s e n t .
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i . e .  T Formula (2 )
where P i s  the c o n c e n tr a tio n  o f  prothrom bin  
and T i s  th e  c o n c e n tr a tio n  o f  throm bin form ed.
From form ulae (1 ) and (2 ) i t  fo l lo w s  th a t
C.T.
in  th e  tw o -s ta g e  t e s t  f r e e  from an tith rom b in .
T h u s:
Minimum c lo t t in g  tim e o f  normal 
Minimum c lo t t in g  tim e o f  abnormal
= C on cen tra tion  o f  prothrom bin in  abnormal 
C on cen tra tion  o f  prothrom bin in  normal
e . g .  in  an experim ent where prothrom bin has b een  f r e e d  from  
an tith rom b in  by p rep a ra tio n  o f  the g lo b u lin  f r a c t io n
Minimum c lo t t in g  tim e o f  normal = 12 s e c s .  = 1 0 .4  throm bin
u n i t s .
Minimum c lo t t in g  tim e o f  abnormal = 18 s e c s .  = 6 . 8  throm bin
u n i t s .
Thus —  = Unknown
18 100
Unknown = 12 x  -±00
18
= 66%.
or e x p r essed  in  thrombin u n its  (see  b e lo w ).
Thrombin u n its  o f  unknown -  6 .8  -  66^ #
Thrombin u n it s  o f normal 1 0 .4
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The nature o f  th ro m b in -fib r in o g en  r e a c t io n  i s  co m p li­
ca ted  and im p e r fe c t ly  u n d erstood . The r e a c t io n  h as b een  
s tu d ie d  u s in g  whole plasm a or p u r if ie d  f ib r in o g e n . When 
w hole plasm a Is  used su b sta n ces  o th er  than f ib r in o g e n  are  
a f f e c t in g  the r e a c t io n ,  fo r  example th e  v a r i a b i l i t y  in  th e  
a n tith rom b in  c o n te n t . On the other hand when p u r i f ie d  
f ib r in o g e n  i s  used  i t  may bear l i t t l e  r e la t io n s h ip  t o  th e  
tr u e  r e a c t io n  in  plasm a.
U sin g  p u r i f ie d  thrombin and f ib r in o g e n  u n fo r tu n a te ly  th e  
r e a c t io n  i s  v a r ia b le .  Many s o lu t io n s  o f f ib r in o g e n  d e p o s it  
a w h ite  sed im ent on sta n d in g  in  the c o ld . T h is  r e a d i ly  r e -  
d i s s o lv e s  on warming and has been  c a l le d  p r o f ib r in  (A p itz  
1 9 3 8 ) . T h is c o ld - in s o lu b le  su b stan ce r e a c t s  much more ra p ­
id l y  t o  throm bin than  does the supern atant s o lu t io n  (Owren 
1 9 4 7 ) . I f  d i f f e r e n t  p rep a ra tio n s o f f ib r in o g e n  c o n ta in  a 
v a r ia b le  amount o f t h i s  substance th e ir  r e a c t io n  to  throm bin  
w i l l  n a tu r a l ly  be v a r ia b le .  Many other f a c t o r s  in f lu e n c e  
th e  sp eed  o f  the r e a c t io n  betw een thrombin and f ib r in o g e n .  
C o n cen tra tio n  o f  f ib r in o g e n  may cause some change in  r e a c t i v ­
i t y  p a r t ic u la r ly  towards d i lu te  throm bin. Tem perature i n ­
f lu e n c e s  the r e a c t io n , the optimum b ein g  a t  37° G. F ib r in o g e n  
from d i f f e r e n t  sp e c ie s  behaves d i f f e r e n t ly  to  th e  same throm bin . 
The r e v e r se  however i s  not tru e in  th a t  i t  appears th a t  th e  
throm bin o f  d i f f e r e n t  s p e c ie s  has the same r e a c t i v i t y  w ith  th e
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one s p e c ie s  o f  f ib r in o g e n .
Thrombin u n i t s .
Thrombin i s  u s u a lly  measured in  u n it s  w h ich  are d e f in e d  
by th e  sp eed  o f  c lo t t in g  o f  f ib r in o g e n . The d e f i n i t i o n  o f  
a throm bin u n it  has v a r ie d  from one la b o r a to r y  t o  a n o th e r .
Owren (1947) in  h i s  work on fa c to r  V - "The c o a g u la t io n  o f  
B lood  -  I n v e s t ig a t io n s  on a New C lo tt in g  Factor" -  d e f in e s  
a throm bin u n i t ,  "one thrombin u n it  has been d e f in e d  in  t h i s  
stu d y  a s equal t o  th e  amount o f  throm bin w hich in  a volume 
o f  1 c c .  c o n ta in in g  0 .1 0  per c en t f r e s h  p r o f ib r in - f r e e  human 
f ib r in o g e n  a t  a tem perature o f  37° C ., pH 7 .3  and sodium  
c h lo r id e  c o n c e n tr a tio n  0.154m , causes c o a g u la t io n  in  15 
secon d s
T h is  a b so lu te  d e f in i t io n  o f  a throm bin u n it  e n a b le s  
throm bin s o lu t io n s  o f  c o n sta n t s tr en g th  t o  be p rep ared  bu t 
in  p r a c t ic e  th e  err o rs  from one la b o r a to ry  to  an oth er  must 
n e c e s s a r i ly  b e  c o n s id e r a b le . As d is c u sse d  ab ove , a d i f f i ­
c u l t y  w hich som etim es a r i s e s ,  i s  th a t  the r e a c t i v i t y  o f  one 
b a tc h  o f  f ib r in o g e n , as compared w ith  an o th er , may vary  con ­
s id e r a b ly .  The p rep a ra tio n s o f  f ib r in o g e n  u sed  throughout 
t h i s  work in  g en era l f i t t e d  the curve A shown in  f ig u r e  / .
In  th e  case  o f  one o f  th e  b a tch es o f  f ib r in o g e n  a new curve  
had t o  be  drawn (see  B o f  f ig u r e  / ) .  I t  i s  th u s d i f f i c u l t
or even  im p o ss ib le  to  d e f in e  a thrombin u n it  w hich w i l l  have
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th e  same meaning to  e v er y  la b o r a to r y .
E ar ly  in  t h i s  work th e r e  was a v a i la b le  a p r e p a r a tio n  
o f  human throm bin o f  s ta te d  u n ita g e  per mg. T h is was 
adopted  a s  the b a s is  from w hich subsequent s ta n d a r d is a t io n s  
were made. The o r ig in a l  c a l ib r a t io n  o f  th e  throm bin was 
made u s in g  a c e r ta in  b atch  o f  throm bin t o p ic a l  (Roche) w hich  
was s t a t e d  to  c o n ta in  a t  l e a s t  1000 u n it s  o f  throm bin p er  c c .  
o f  s o lu t io n .
Every new b a tch  o f  f ib r in o g e n  was t e s t e d  a g a in s t  th e  
e x i s t in g  b a tch  o f  throm bin and v ic e  v e r s a . I t  was e s s e n t i a l  
th e r e fo r e  n ot to  a llo w  th e  p rep a ra tio n s o f  throm bin and 
f ib r in o g e n  to  become exhausted  to g e th e r . W ith each  t e s t  
th e  c lo t t i n g  tim e was p lo t t e d  a g a in s t  the r e c ip r o c a l  o f  th e  
c o n c e n tr a t io n  o f  throm bin to  ensure th a t th e se  p o in t s  f e l l  
on a s t r a ig h t  l in e  which p a ssed  near zero  though n o t n e c e s ­
s a r i l y  through i t ,  e .g .  F igu re 2  . I t  was n e c e ssa r y  a l s o  
t o  f i x  one p o in t  on the e x is t in g  th ro m b in -fib r in o g en  d i l u t i o n  
curve to  determ ine whether th e  new p o in ts  f i t t e d  th e  o ld  
c u r v e . On one o cca sio n  on ly  w ith  a new b a tc h  o f  f ib r in o g e n ,  
t h i s  was not so ; a th rom b in -fib r in ogen  d i lu t io n  curve was 
made, in d iv id u a l to  t h is  p rep a ra tio n  o f  f ib r in o g e n  (Curve B -  
f ig u r e  / ) .
Summary.
(1 )  The r e la t io n s h ip  o f th e  c lo t t in g  tim e o f  f ib r in o g e n
- ~
by throm bin i s  d e sc r ib e d . Over a c e r ta in  ran ge , th e  c l o t ­
t in g  tim e i s  p r o p o r tio n a l to  th e  r e c ip r o c a l  o f  the c o n c e n tr a ­
t io n  o f  throm bin.
(2 ) The measurement o f  throm bin in  term s o f  throm bin  
u n it s  and th e  p r ep a ra tio n  o f  a th ro m b in -fib r in o g en  d i l u t i o n  
curve are  d e sc r ib e d . The use o f  t h i s  fo r  a ssa y  o f  throm bin  
i s  dem onstrated .
(3 ) The amount o f  thrombin formed r e p r e se n te d  by th e  
minimum c lo t t i n g  tim e o f  f ib r in o g e n .,in  an a n ti-th r o m b in  f r e e  
system ., i s  d ir e c t ly  p ro p o r tio n a l to  the amount o f  prothrom bin  
p r e s e n t .
(4 )  D e t a i l s  o f  the methods u sed  fo r  th e  p r e p a r a tio n  o f  
f ib r in o g e n  and thrombin and fo r  th e  measurement o f  f i b r i n  are  
g iv e n  in  th e  appendix.
(5 ) The c lo t t in g  o f  f ib r in o g e n  w ith  throm bin i s  th e  
f i n a l  s ta g e  in  b lood  co a g u la tio n  and i t  i s  the on ly  s ta g e  
w hich  can be observed  d ir e c t ly .  A ll  r e a c t io n s  p r io r  t o  th e  
th r o m b in -fib r in o g e n  r e a c t io n  are in fe r r e d  from th e  r a te  o f  
c o a g u la t io n  under va ry in g  c ircu m sta n ces .
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CHAPTER 3
THE DISSOLUTION OF THE CLASSICAL THEORY
S in c e  th e  c lo t t in g  tim e o f f ib r in o g e n  i s  p r o p o r t io n a l  
t o  th e  amount o f  thrombin p r e se n t  and s in c e  prothrom bin i s  
b e l ie v e d  to  be q u a n t ita t iv e ly  con verted  to  throm bin m ethods 
have been  d e v ise d  to  measure prothrom bin.
In  1935 Quick in trod u ced  th e  o n e -s ta g e  t e s t  as a m easure  
f o r  prothrom bin . The th eo ry  o f  b lo o d  c o a g u la t io n  a t  th e  
tim e was th e  C la s s ic a l  Theory and the t e s t  on t h i s  b a s i s  
t h e o r e t i c a l ly  sound. I t  was assumed th a t  when an e x c e s s  
o f  t i s s u e  th rom b op lastin  and calcium  was added t o  p lasm a  
th e r e  was on ly  one l im it in g  fa c to r  prothrom bin, w hich  co u ld  
th en  be m easured. A ccording to  the C la s s ic a l  Theory th e  
sp eed  o f  throm bin form ation  in  th e  o n e -sta g e  t e s t  i s  con ­
t r o l l e d  on ly  by th e  co n cen tra tio n  o f prothrom bin. The d i f ­
f i c u l t i e s  in  th e  a p p lic a t io n  o f  t h i s  t e s t  as a m easure fo r  
prothrom bin w i l l  be d isc u sse d  l a t e r .  For th e  p r e se n t  I t  
I s  th e  purpose m erely  to  con sid er  how c e r ta in  d is c r e p a n c ie s  
in  th e  o n e -s ta g e  t e s t  le d  to  th e  developm ent o f  much o f  our 
r e c e n t  knowledge o f  the prothrom bin com plex. The d i s s o l u ­
t io n  o f  th e  C la s s ic a l  Theory marked a ls o  th e  d i s s o lu t io n  o f  
Q u ick Ts o n e -sta g e  t e s t  as a measure fo r  prothrom bin . The
F i g u r e  ( 3 )
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Q u ic k s  o n e -s ta g e  t e s t  -  s a l in e  d i lu t io n  c u r v e s .
O rd inate -  c lo t t i n g  t im es  o f  plasm a and d i lu t io n s  
o f  plasm a in  se c o n a s .
A b sc is sa  -  c o n c e n tr a t io n  o f  plasm a ( "protnroniDin") 
in  s a l i n e .
0 .1  m l. amounts o f  plasm a or d i lu t io n s  o f  plasm a  
were c lo t t e d  a f t e r  th e  a d d it io n  o f  0 .1  m l. b r a in  
th ro m b o p la stin  and 0 .1  m l. o f  m/4 0  ca lc iu m  c h lo r id e ,  
a b c d e corresp on d  to  d i f f e r e n t  p r e p a r a tio n s  o f  
th r o m b o p la stin  xvith co rresp o n d in g  v a r ia t io n  i n  the  
c l o t t i n g  tim e o f  th e  whole p lasm a.
Clotting time sec 
lOOi
60
4 0
2 0
20 40 60 80 
Cone prothrombin per cent
F i g u r e  ( 4 )
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Q uick*s o n e -s ta g e  t e s t  -  s a l in e  d i lu t io n  cu rves  
(C o n ce n tr a tio n  o f  plasm a ( “prothrom bin” ) 
e x p r e sse d  as a r e c i p r o c a l ) .
O rdinate -  c l o t t i n g  tim es o f  plasm a and d i lu t io n s
o f  plasm a in  se co n d s .
A b sc is sa  -  c o n c e n tr a t io n  o f  plasm a (prothrom bin)
in  s a l in e  e x p r e sse d  as a r e c ip r o c a l .
The d a ta  u sed  i n  th ^ s f ig u r e  i £  th e  same as t h a t  in  
f ig u r e  ( 3 ) .
Clotting
sec
Reciprocal conc.
IOO 25 17 5
Percentage
t e c h n ic a l  d e t a i l s  o f Q u ick 's o n e -s ta g e  n pr o t  hr omb i  n t e s t  
as u sed  in  t h i s  work are g iv en  in  th e  ap p en d ix .
The p rep a ra tio n  o f  a s a l in e  d i lu t io n  curve i s  a l s o  de­
sc r ib e d ;  F ig u res  3 and 4  i l l u s t r a t e  the d ilu tio n  cu rv es  
prepared  u sin g  aceton e  d r ied  human b r a in  th ro m b o p la stin .
The s e r i e s  o f  curves i s  req u ired  b ecause the prepared  throm bo­
p l a s t i n  may v a r y , so  th a t  th e  c lo t t in g  tim e o f  th e  c o n tr o l  
plasm a d i f f e r s  from one day t o  the n e x t . The d i lu t io n  
cu rves shown are a p p lic a b le  on ly  to  aceton e  d r ie d  human 
b r a in . The r e s u l t s  fo r  example u s in g  s a l in e  e x tr a c t  o f  
human b r a in  cannot be read from th e se  c u r v e s . Even though  
th e  c lo t t i n g  tim es o f  the normal plasma are th e  same w ith  
th e  two th rom b op lastin s th e  r e s u l t  w ith  an abnormal plasm a  
or a s p e c i f ie d  d ilu tio n  o f  the normal may be d i f f e r e n t ,  e . g .
Plasma - Normal Abnormal 1 2 .5 ^  d i l ­
u t io n
A cetone d r ie d  b ra in  -  15 30 26
P h e n o l-sa lin e  b ra in  15 46 37
Other s im ila r  exam ples are shown in  the appendix page ^
At the end o f  the C la s s ic a l  era  the fo llo w in g  c o n d it io n s  
were known t o  g iv e  a p ro lo n g a tio n  o f  th e  o n e -s ta g e  c l o t t i n g  
tim e by Q uick 's tech n iq u e .
(a ) in  the new born in fa n t  on the th ir d  and fo u r th  days
and in  haemorrhagic d ise a se  o f th e  newborn.
(b ) in  some c a se s  o f  jau n d ice , p a r t ic u la r ly  o b s tr u c t iv e
ja u n d ic e .
( c )  in  some c a ses  o f  s te a to r r h o e a .
(d) a f t e r  th e  a d m in is tr a tio n  o f  c e r ta in  drugs p a r t ic u ­
l a r l y  dicum arol and s a l i c y l a t e s .
Q u ick 's  t e s t  fo r  th e  measurement o f  prothrom bin was 
in tro d u ced  in  1935 . In  th e  fo l lo w in g  year W arner, B rinkhous  
and Sm ith (1936) d escr ib ed  th e  tw o -s ta g e  method o f  p r o ­
throm bin a s s a y . In  t h i s  tech n iq u e th e  same r e a g e n ts  were  
m ixed a s in  th e  o n e -sta g e  t e s t  o f  Q uick, namely p lasm a, 
t i s s u e  e x tr a c t  and ca lc iu m . The developm ent o f  throm bin  
in  t h i s  in cu b a tio n  m ixture was fo llo w e d  by t r a n s fe r r in g  
a l iq u o t s  to  f ib r in o g e n  and reco rd in g  th e  c lo t t i n g  tim e o f  
th e  f ib r in o g e n . The prothrom bin co n ten t was e s t im a te d  by  
comparing th e  thrombin generated  from the t e s t  plasm a w ith  
th a t  from a normal plasm a. The d iscrep a n cy  b etw een  th e  
a ssa y s  by the o n e-sta g e  method and the tw o -s ta g e  tech n iq u e  
r a is e d  th e  p o s s i b i l i t y  th a t  th e  C la s s ic a l  Theory was incom ­
p le t e  .
F actor V . I t  was n ot u n t i l  1942 th a t  th e  inadequacy  
o f  th e  C la s s ic a l  Theory became obvious when Owren i n v e s t i ­
g a te d  a p a t ie n t  w ith  haem orrhagic d is e a s e ,  th e  f e a tu r e  o f  
s ig n if ic a n c e  b e in g  a p ro lo n g a tio n  o f  the o n e -s ta g e  c lo t t i n g  
tim e (Owren 1 9 4 7 ); accord ing  to  th e  C la s s ic a l  th e o r y  t h i s  
p a t ie n t  would be sa id  to  la c k  prothrom bin. As d e sc r ib e d  in  
C hapter I prothrom bin can be removed by a d so rp tio n  on
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in o r g a n ic  p r e c ip i t a t e s .  Normal plasm a so  t r e a t e d  has a 
much pro lon ged  o n e -s ta g e  c lo t t in g  tim e or may even  he in ­
c o a g u la b le . Normal plasm a so  t r e a t e d , was a b le  t o  c o r r e c t  
th e  d e f e c t  in  Owren's c a s e . The work con sequ en t upon 
t h i s  exp erim en ta l o b ser v a tio n  e s t a b l is h e d  th a t  plasm a con­
ta in e d  a p r e v io u s ly  u n recogn ised  c o a g u la t io n  component w hich  
was named fa c to r  V by Owren .(1 9 4 7 ) . The con cep t a t  the  
tim e o f  d isc o v e r y  was th a t  t h i s  new fa c to r  was an a c c e le r ­
a to r  o f  prothrom bin co n v ersio n  - i . e .  i t  en ter ed  th e  r e ­
a c t io n  a f t e r  prothrom bin co n v ersio n  had s t a r t e d . I t  was 
r eq u ired  fo r  th e  co n v ersio n  o f  prothrom bin when t h i s  was 
o ccu rr in g  under th e  in f lu e n c e  o f  t i s s u e  th r o m b o p la stin . I t  
was n ot adsorbed by in o rg a n ic  p r e c ip i t a t e s  and th e r e fo r e  was 
p resen t in  th e  supernatant a f t e r  a d so r p tio n .
F actor  V I I . When dicum arol or any o f  th e  r e la t e d  
drugs are adm in istered  th e r a p e u t ic a l ly ,  th e re  i s  a p ro lo n g ed  
o n e -s ta g e  c lo t t in g  tim e by Q uick 's t e s t .  When th e  fa c to r  V 
co n ten t o f  dicum arol plasma i s  a ssa y ed , th ere  i s  no s i g n i f i ­
cant r ed u c tio n  in  th e  fa c to r  V. A ccording to  th e  th eory  
th e  p ro longed  o n e -sta g e  c lo t t in g  tim e should  th e r e fo r e  have 
b een  due e n t i r e ly  t o  a d e f ic ie n c y  o f  prothrom bin. In  1948 , 
Owen^Bollman rep o rted  th a t th e  a d d it io n  o f  one p a r t o f  normal 
serum to  n in e p a r ts  o f  dicum arol plasma caused  a marked
sh o r te n in g  o f  th e  o n e -s ta g e  c lo t t in g  tim e . Serum c o n ta in s  
l i t t l e  prothrom bin and th u s th e  p o s s i b i l i t y  o f  y e t  a fu r th e r  
c o a g u la t io n  component had to  be c o n s id e r e d . T h is  p r o p e r ty  
o f  serum i s  a sc r ib e d  t o  i t s  con ten t o f  fa c to r  V I I .
These th r e e  components o f  th e  prothrom bin com plex  
(prothrom bin, fa c to r s  V and V II) r eq u ire  d e t a i le d  c o n s id e r a ­
t i o n .
Prothrom bin.
Prothrombin may be d e f in e d  as th e  p recu rso r  o f  throm bin  
and has been  e x te n s iv e ly  in v e s t ig a te d  during th e  l a s t  d eca d e . 
When i t  was f i r s t  named, prothrom bin was a h y p o th e t ic a l  sub­
s t a n c e ,  b u t i t  has s in c e  been  accep ted  a s a r e a l  e n t i t y  in  
th e  c o a g u la tio n  system .
P rep a ra tio n  o f prothrom bin .
In  order t o  stu dy th e  p r o p e r t ie s  o f  prothrom bin a ttem p ts  
were made e a r ly  in  th e  C la s s ic a l  Era t o  se p a r a te  prothrom bin  
from o th er  plasm a p r o te in s .  In  1914 B ordet and D elange  
prepared  prothrom bin from b ir d  plasma by a d so r p tio n  on t r i -  
ca lc iu m  phosphate and r e le a s e  w ith  carbon d io x id e .  M ellanby  
(1930) prepared prothrom bin by d i lu t in g  o x a la te d  b e e f  p lasm a  
w ith  w ater and p r e c ip it a t in g  a t  pH 5 .3 .  The prothrom bin  
was th en  s e l e c t i v e l y  d is s o lv e d  from th e  g lo b u lin  p r e c ip i t a t e  
by b r i e f  treatm en t w ith  lim e w a ter . A product o f  c o n s id e r a b le
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a c t i v i t y  was prepared by S e e g e r s , Sm ith , Warner and Br/nkhous 
(1 9 3 8 ) . In  t h e ir  method th e  prothrom bin , a f t e r  p r e c i p i t a ­
t io n  from d i lu t e d  plasm a a t  pH 5 .3  was adsorbed on Mg(OH)g.
The prothrom bin was l ib e r a te d  from the ad sorb en t by carbon  
d io x id e .  S eeg ers  and h i s  c o lle a g u e s  have s in c e  made a p a r ­
t i c u la r  stu d y  o f th e  p rep a ra tio n  o f  prothrom bin; t h e ir  m ost 
r e c e n t  tech n iq u e i s  d e sc r ib ed  by S eeg ers  (1 9 5 2 ) . T h is  more 
r e c e n t  tech n iq u e i s  s im ila r  to  th e  1938 method w ith  th e  ad­
d i t io n a l  procedure th a t  the prothrom bin i s  f r a c t io n a t e d  w ith  
c o n cen tra ted  ammonium su lp h a te  and f i n a l l y  p r e c ip i t a t e d  from  
aqueous s o lu t io n  near th e  i s o e l e c t r i c  p o in t .  The p rod u ct  
i s  f a i r l y  s ta b le  a f t e r  ly o p h il  dry ing  but th e  s t a b i l i t y  v a r ie s  
from one b a tch  to  the n e x t . S eeg ers  and h is  c o lle a g u e s  
have made a d e ta i le d  stu d y  o f  th e  se p a r a tio n  o f  prothrom bin  
b u t ,  i t  i s  now a p p rec ia ted  t h a t ,  even  t h e i r  b e s t  p rep a ra ­
t io n s  are l i k e l y  to  co n ta in  co n sid era b le  amounts o f  two o th er  
c o a g u la t io n  components.
The method o f  p rep a ra tio n  used in  t h i s  work i s  d e sc r ib e d  
in  d e t a i l  in  th e  appendix. In  p r in c ip le  i t  depends on th e  
a d so r p tio n  o f  the prothrom bin from human plasma on aluminium  
hydroxide and i t s  subsequent e lu t io n  w ith  phosphate b u f f e r .
The d e t a i l s  o f  th e  method o f  p rep a ra tio n  o f  alum inium  h yd roxid e  
are a ls o  g iv en  in  th e  appendix. Prothrombin p rep ared  in  t h i s  
way i s  fr e e d  from fa c to r  V and a n tih aem op h ilic  g lo b u lin ,
-  (o (a
f ib r in o g e n  and an tith rom b in .
U n its  o f  prothrom bin.
The amount o f  prothrom bin p r e se n t  in  a p r e p a r a tio n  i s  
som etim es measured in  term s o f  th e  number o f  u n i t s  o f  throm bin  
th a t  can be formed from i t  under optim al c o n d it io n s .  I t  i s  
th en  s a id  th a t  a u n it  o f  prothrom bin i s  th a t  amount o f  p r o ­
throm bin which i s  capable o f  form ing one u n it  o f  throm bin .
Ware and S eeg ers  (1948) and Owren (1947) have adopted  t h i s  
term in o lo g y .
A c t iv a t io n  o f  prothrom bin t o  throm bin by c o n c en tr a ted  sodium  
c i t r a t e .
S e e g e r s , McClaughry and Fahey (1950) d e sc r ib e  an e x ­
perim ent d esign ed  to  show th a t  throm bin can be d e r iv e d  from  
prothrom bin in  th e  absence o f  o th er  c o a g u la t io n  f a c t o r s .  A 
s o lu t io n  o f  prothrom bin was made in  25$ sodium c i t r a t e  and 
th e  appearance o f  thrombin t e s t e d  by t r a n s fe r r in g  a l iq u o t s  
in t o  f ib r in o g e n . A s im ila r  experim ent i s  d e sc r ib e d  in  th e  
appendix (page C*(f ) .  S e e g e r s , McClaughry and Fahey con­
c lu d ed  from t h is  th a t  prothrom bin must c o n ta in  a l l  th e  s t r u c t ­
u r a l m a te r ia l needed fo r  throm bin. I t  i s  now a p p r e c ia te d , 
how ever, th a t  t h e ir  p rep a ra tio n s o f  prothrom bin were n o t pure  
and must have con ta in ed  a t  l e a s t  two o th er  c o a g u la t io n  
f a c t o r s  ( fa c to r  V II and the r e c e n t ly  rec o g n ize d  C hristm as  
f a c t o r ) .
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F actor  V .
The term  fa c to r  V i s  used  fo r  th e  c o a g u la t io n  component 
m entioned above and now to  be d is c u s s e d  in  more d e t a i l ,  a s  
Owren who u sed  t h i s  term  made an im portant stu d y  o f  i t s  prop­
e r t i e s .  He su b seq u en tly  renamed t h i s  f a c t o r  wa c c e le r in w and 
a h y p o th e t ic a l  p recu rsor  a s  ttp r o -a c c e le r in tt. The ev id en ce  
th a t  th e r e  i s  a p recu rso r  form o f  t h i s  f a c t o r  i s  I n s u f f i c i e n t  
and i t  i s  proposed t o  r e t a in  Owrenfs o r ig in a l  term Mf a c t o r  V” . 
Owren1 s c o n tr ib u t io n  to  t h i s  stu dy was o u ts ta n d in g  and s e r v e s  
as a model o f  c a r e fu l exp erim en ta l o b se r v a tio n  in  t h i s  f i e l d .  
For t h i s  rea so n  h is  work w i l l  be d e sc r ib e d  in  some d e t a i l .
Owrenfs in v e s t ig a t io n s  o f  h is  p a t i e n t .
In  A p r il 1943 , Owren in v e s t ig a te d  h is  ca se  -  a 29 y ea r  
o ld  fem ale  s u f fe r in g  from a haem orrhagic d ia t h e s i s  s in c e  th e  
age o f  3 j  y e a r s . The ou tsta n d in g  fe a tu r e  o f  t h i s  ca se  was 
a p ro lon ged  o n e -sta g e  c lo t t in g  tim e - 7 0 -8 0  seco n d s as com­
pared  w ith  a normal o f  15-20  seco n d s . Owren removed p r o ­
throm bin from normal plasma by a d so r p tio n . Aluminium  
hydroxide and magnesium hydroxide were u sed  as ad sorb in g  
a g e n ts .  Passage o f  plasma through a S e i t z  f i l t e r  was a ls o  
u sed  b y  Owren fo r  th e  removal o f  prothrom bin. A m ixtu re  
c o n ta in in g  90 per cen t o f  h is  p a t i e n t ’s plasm a and 10 p er  
cen t o f  normal proth rom b in -free  human plasm a had a o n e -s ta g e
c lo t t in g  tim e o f  32 se co n d s . A s im ila r  p r o p o r tio n  o f  
adsorbed ox plasma reduced th e  tim e to  18 secon d s and o f  
adsorbed g u in e a -p ig  plasma t o  24 se c o n d s . The plasm as u sed  
had b een  v ery  th orou gh ly  adsorbed in  th a t  th e y  were In c o a g u l­
a b le  on th e  a d d it io n  o f  b r a in  e x tr a c t  and c a lc iu m . A m ix­
tu re  co n ta in in g  80 per cen t o f  the p a t i e n t ’s p lasm a and 20  
p er  cen t o f  p roth rom b in -free  normal plasm a was s u f f i c i e n t  to  
produce a normal o n e -sta g e  c lo t t in g  tim e o f  16 se c o n d s .
Owren made a p rep a ra tio n  o f  prothrom bin by  a d so r p tio n  
on Mg(0H)g and l ib e r a t io n  w ith  carbon d io x id e .  He added 
h is  p r e p a r a tio n  o f  prothrom bin t o  h is  p a t i e n t ’s p lasm a and to  
th e  11 ads orbed” normal p lasm a. The o n e-3 ta g e  c l o t t i n g  tim e  
o f  h i s  p a t i e n t ’s plasma was l i t t l e  a lt e r e d  w hereas t h a t  o f  
the "adsorbed” normal plasma was co m p lete ly  c o r r e c te d . Owren 
th e n  prepared  prothrom bin from h i s  p a t i e n t ’ s plasm a w ith  
MgtOHjg; the p a t i e n t ’s prothrom bin behaved w ith  normal 
adsorbed plasm a as w e l l  as normal prothrom bin, in  i t s  a b i l i t y  
t o  c o r r e c t  the o n e -sta g e  c lo t t in g  t im e . Owren added t i s s u e  
e x tr a c t  and calcium  c h lo r id e  to  the p a t i e n t ’ s plasm a and 
s tu d ie d  th e  speed  o f  throm bin form ation  by adding a l iq u o t s  
a t  in t e r v a ls  t o  f ib r in o g e n  and reco rd in g  th e  c lo t t i n g  t im e s .  
The throm bin form ation  from th e  p a t i e n t ’s plasm a was v e ry  
slow  as compared w ith  th a t  from normal p lasm a. By th e  
a d d it io n  o f  adsorbed normal plasma t o  th e  p a t i e n t ’s plasm a
th e  speed  o f  throm bin form ation  was r e s to r e d  t o  norm al.
From th e se  in v e s t ig a t io n s  Owren conclu ded  th a t  in  a d d i­
t io n  to  t i s s u e  ex tract and ca lc iu m  anoth er component was 
needed fo r  th e  co n v ersio n  o f  prothrom bin t o  throm bin a t  
normal sp eed . As t h i s  was in  a d d it io n  to  th e  fo u r  f a c t o r s  
in  the c l a s s i c a l  th eo ry  -  f ib r in o g e n  ( I ) ,  prothrom bin ( I I ) ,  
t i s s u e  e x tr a c t  ( I I I )  and ca lciu m  (IV) he named t h i s  new f a c t o r  
a s  V.
I s o la t io n  o f  fa c to r  V .
Owren in v e s t ig a te d  methods fo r  th e  p r e p a r a tio n  o f  h is  
f a c t o r  V from plasm a. He o b ta in ed  the maximum y i e l d  by  
p r e c ip i t a t io n  w ith  sa tu ra te d  ammonium su lp h a te  in  th e  33 -50  
p er cen t fraction  or by a c id  p r e c ip i t a t io n  u s in g  1 per cen t  
a c e t i c  a c id  betw een pH 5 .0  and 5 .5  in  p lasm a, d i lu t e d  l / l O  
w ith  d i s t i l l e d  w ater . The plasm as used were ren d ered  fr e e  
from prothrom bin by a d so rp tio n  b e fo r e  commencing th e  p rep ara ­
t i o n  o f  the fa c to r  V. The ammonium su lp h a te  s a tu r a t io n  
method y ie ld e d  a f ib r in o g e n -fr e e  p r e c ip i t a t e  as d i s t i n c t  
from th e a c id  p r e c ip i t a t io n  where f ib r in o g e n  was s t i l l  p r e s ­
e n t .  D ried  p r ep a ra tio n s o f  fa c to r  V rem ained a c t iv e  fo r  
p ro lon ged  p er io d s but in  s o lu t io n  i t  was l a b i l e ,  th e  r a te  o f  
in a c t iv a t io n  vary in g  w ith  the method o f s to r a g e .
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A c t iv a t io n  o f  prothrom bin by fa c to r  V, b r a in  and c a lc iu m *
Owren prepared  prothrom bin by a d so rp tio n  on Mg(OH)g and 
l ib e r a t io n  by carbon d io x id e  under p r e s s u r e . T h is  p rep a ra ­
t io n  o f  prothrom bin o c c a s io n a lly  co n ta in ed  t r a c e s  o f  f a c t o r  V, 
b u t was fr e e  from an tith rom b in . The prothrom bin was th en  
a c t iv a te d  in  th e  p resen ce  o f  v a ry in g  c o n c e n tr a t io n s  o f  
fa c to r  V . Owren concluded from t h i s  experim ent th a t  the  
v e lo c i t y  o f  thrombin form ation  r i s e s  w ith  in c r e a s in g  con­
c e n tr a t io n  o f  fa c to r  V up to  a c e r ta in  l i m i t . F u rth er  i n ­
c re a se  o f  fa c to r  V beyond t h i s  l im i t  i s  w ith o u t in f lu e n c e .
As a consequence o f  Owrenfs d isc o v e r y  th e  C la s s ic a l  
Theory o f  b lo o d  c o a g u la tio n  had to  be amended to  read  a s  
fo l lo w s
F ib r in
Calcium
F a cto r  V
F ib r in o g e n
Prothrom bin
T issu e  e x tr a c t
P rep a ra tio n  o f  F actor  V .
The method used  throughout t h i s  stu dy i s  one o f  two 
tech n iq u es  d e sc r ib e d  by Owren. I t  i s  g iv e n  in  d e t a i l  in
th e  app en d ix . The p r in c ip le  i s  to  remove prothrom bin by- 
a d so r p tio n  on A1(0H)3 and to  o b ta in  a p r e c ip i t a t e  c o n ta in ­
in g  fa c to r  V, betw een 33 -50  per cen t s a tu r a t io n  w ith  ammon­
ium s u lp h a te . The a d d it io n  to  th e  adsorbed plasm a o f  a 
h a l f  volume o f  sa tu ra te d  ammonium su lp h a te  (33  p er  c e n t s a t ­
u r a t io n )  p r e c ip i t a t e s  f ib r in o g e n  and a n tih a em o p h ilic  g lo b u l in .  
T h is i s  removed by sp in n in g  and a fu r th e r  h a l f  volume o f  
ammonium su lp h a te  added. Thi3 fu r th e r  p r e c ip i t a t e  c o n ta in s  
f a c t o r  V . I t  i s  d is s o lv e d  in  a volume o f  s a l in e  e q u iv a le n t  
to  th e  o r ig in a l  volume o f  plasma and d ia ly s e d  a g a in s t  c i t r a t e -  
s a l in e  to  remove th e  ammonium su lp h a te . The c i t r a t e - 3 a l in e  
c o n ta in s  n in e  p a r ts  o f  0 .8 5  per c en t sodium c h lo r id e  and one 
p a r t  o f  v3«8 per cen t sodium c i t r a t e .
Measurement o f  fa c to r  V .
Two methods have been  used throughout t h i s  t h e s i s .
Method ( 1 ) .
T h is i s  a m o d if ic a t io n  o f  th a t  used by McClaughry and 
S e e g e r s  (1950) and i s  d e sc r ib ed  by D ouglas and B ig g s( l9 5 3 ) .
The f r a c t io n  c o n ta in in g  fa c to r  V i s  prepared from th e  normal 
plasm a and th e  t e s t  specim en under id e n t ic a l  c ir c u m sta n c e s .  
Each plasm a i s  tr e a te d  w ith  the same amount o f  alum ina fo r  
th e  same d u ra tio n  o f  t im e . The fa c to r  V f r a c t io n  from each  
i s  made a s d e sc r ib ed  above by ammonium su lp h a te  p r e c ip i t a t io n
Figure (5)
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V i pure (5 )
F a c t o r  V  a s s a y  b y  th e  a c t i v a t i o n  o f  i s o l a t e d  
prothrom bin.
O rdinate -  Thrombin u n i t s .
A b sc is sa  -  Time in  m in u tes a f t e r  r e c a l c i f i c a t i o n  
o f  the in c u b a tio n  m ix tu re .
The f a c t o r  V f r a c t io n  i s  prepared  from a normal and 
th e  t e s t  sp ecim en . "Pure" prothrom bin i s  th en  a c t iv a te d  
by b r a in  and ca lc iu m  and v a r io u s  c o n c e n tr a t io n s  o f  
fa c to r  V from th e norm al (co n tin u o u s  l i n e s )  -  100% to  0% 
and from th e t e s t  specim en (d isc o n t in u o u s  l i n e ) .  The 
t e s t  specim en i s  a t  th e  same c o n c e n tr a t io n  a s th e  1 0 0 % 
norm al. The t e s t  specim en c o n ta in s  betw een 6  and 12 per  
c e n t o f  fa c to r  V as compared w ith  the c o n tr o l  sp ecim en .
Thrombin
Units
1 2 -
IO*
864
Time in minutes
and d ia ly s e d  fo r  th e  same le n g th  o f  t im e . B oth p r e p a r a tio n s  
o f  fa c to r  V are th en  d i lu t e d  one in  tw en ty , w ith  s a l i n e .  In  
th e  t e s t  system  th e one in  tw enty d i lu t io n  o f  th e  normal i s  
c a l le d  100$  o f  fa c to r  V and from t h i s  d i lu t io n s  o f  f a c t o r  V 
are made from 50$ to  1 *6 $  by d ou b lin g  d i l u t i o n s .  The t e s t  
specim en i s  examined a t  th e  o r ig in a l  d i l u t i o n  o f  o n e - in -  
tw en ty . Prothrom bin i s  th e n  a c t iv a t e d  by b r a in  e x tr a c t  and 
calcium  in  th e  p resen ce  o f  the p r e p a r a tio n s  o f  f a c t o r  V .
An example i s  shown in  f ig u r e  S  ( s e e  a l s o  appendix page ) .  
The continu ous l i n e s  show th e  sp eed  and amount o f  throm bin  
produced under the in f lu e n c e  o f  vary in g  c o n c e n tr a t io n s  o f  
f a c to r  V. The unknown a t  o n e - in  tw enty  i s  shown as a d i s ­
con tin u ou s l i n e  and c o n ta in s  betw een 6  per cen t and 1 2  per  
cen t o f  fa c to r  V . The d i lu t io n s  o f  f a c to r  V are k ep t in  a 
r e f r ig e r a to r  which i s  a d ja cen t to  th e  bench on w hich  th e  
w ater  b ath  i s  s i t u a t e d .  I f  the fa c to r  V has to  be kep t on 
th e  bench i t  should  be p la c e d  in  a b a th  o f  m e lt in g  i c e .
In  l a t e r  y e a rs  th e  method was m o d ified  so th a t  o n ly  th e  
f i f t h  and s ix t h  m inute p o in ts  were ta k e n . The tim e in v o lv e d  
in  th e  a ssa y  was th u s red u ced . There was th e re b y  l e s s  chance  
o f  changes in  the r e a c t i v i t y  o f  r e a g e n ts  used  betw een  th e  
s t a r t  and the f i n i s h  o f  th e  exp erim en t.
F igu re (6 )
F ig u re  (6 )
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F a cto r  V a ssa y  by th e  c o r r e c t io n  o f  s to r e d  
o x a la te d  p lasm a.
O rdinate -  c l o t t i n g  tim e o f  plasm a -  m ix tu res  o f  
normal and s to r e d  o x a la te  p lasm a.
A b sc is sa  -  p ercen ta g e  o f  fr e s h  normal plasm a in  
th e  s to r e d  o x a la te  p lasm a.
M ixtu res were made o f  fr e s h  norm al plasm a in  
s to r e d  o x a la te  plasm a and th e  o n e -s ta g e  c l o t t i n g  tim es  
r e c o r d e d . These c l o t t i n g  t im e s  were th en  p lo t t e d  
a g a in s t  th e  c o n c e n tr a t io n  o f  f a c t o r  V.
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M ethod ( 2 ) .
Normal b lo o d  was c o l l e c t e d  in t o  0 .1  m. sodium o x a la te  
on th e  day b e fo r e  th e  fa c to r  V a ssa y  was to  be made (9  p a r ts  
o f  b lo o d  and 1 p a r t o f  o x a la t e ) .  The plasm a was c o l l e c t e d  
by h ig h  sp eed  c e n tr ifu g a t io n  and p la ced  in  a w ater  b a th  a t  
3 7 ° C. o v e r n ig h t . T his caused  v e ry  marked p r o lo n g a tio n  o f  
th e  one- 3 1age c lo t t in g  tim e due to  l o s s  o f  fa c to r  V. T h is  
f a c t o r  V d e f i c i e n t  plasm a i s  used  fo r  th e  assay*  M ixtu res  
are made co n ta in in g  one p a rt o f  normal plasm a and n in e  p a r ts  
o f  fa c to r  V d e f ic ie n t  plasma and d ou b ling  d i lu t io n s  o f  t h i s  
m ixtu re  made in to  fa c to r  V d e f i c i e n t  p lasm a. A m ix tu re  i s  
a ls o  prepared  co n ta in in g  one p a rt o f  th e  t e s t  plasm a and n in e  
p a r ts  o f  th e  fa c to r  V d e f i c i e n t  p lasm a. O n e-stage  c lo t t i n g  
tim es  are done on th e se  m ix tu r es . U sing th e  specim ens con­
t a in in g  th e  v ary in g  amounts o f  normal a curve can be drawn 
t o  be u sed  fo r  th e  a ssa y  -  see  f ig u r e  &
Other f a c t o r s  probably id e n t ic a l  w ith  fa c to r  V -  Thrombo&en.
Much o th er  work supports Owrenra f in d in g s .  In  1908 ,
1928 and 1945 N olf cla im ed th a t  h is  thrombozyme (prothrom bin  
o f  o th er  w orkers) when i s o la t e d  from plasm a by a d so r p tio n  
on Ga^ (£ 0 4 ) 2  cou ld  n ot be a c t iv a te d  to  throm bin by t i s s u e  
th ro m b o p la stin  and calcium  c h lo r id e  a lo n e , bu t req u ire d  a 
su b sta n ce  from th e  adsorbed plasma which he c a l l e d  ”throm bogenM 
I t  i s  probable th a t  N o l f !s thrombogen i s  id e n t ic a l  w ith
-7 4 -
fa c to r  V .
L a b ile  F a c to r .
In  1943 Quick observed  t h a t  h i s  o n e -s ta g e  t e s t  p r o ­
g r e s s iv e ly  len g th en ed  when o x a la te d  plasm a was s to r e d .
Quick found  th a t  a m ixture o f  equal p a r ts  o f  s to r e d  human 
o x a la te d  plasm a and plasma from a dog under th e  in f lu e n c e  o f  
dicum arol had a o n e -sta g e  c lo t t in g  tim e a t  l e a s t  a s  good as  
norm al. He fu r th e r  observed th a t  aluminium hyd roxid e  
adsorbed l i t t l e  o f t h i s  new f a c t o r .  The f a c t o r  w hich  Quick 
ob served  to  d isapp ear in  s to r ed  o x a la ted  plasm a was named 
by him as th e  r,l a b i l e  factor**. Quick*s l a b i l e  fa c to r  i s  
b e l ie v e d  t o  be th e  same as Owren*s fa c to r  V. C itr a te d  
plasm a as d i s t i n c t  from o x a la ted  plasma does not show t h i s  
phenomenon to  n ea r ly  th e  same e x te n t .  The fa c t o r  i s  much 
more l a b i l e  in  the p resen ce  o f o x a la te  than i t  i s  in  th e  
p r e sen ce  o f  c i t r a t e .  (Fahey, Ware and S eeg ers  1 9 4 8 ) . Q uick  
and S t e f a n in i  (1948) d escr ib ed  the method fo r  th e  measurem ent 
o f  th e  l a b i l e  fa c to r  which i s  dependent on the a b i l i t y  to  
c o r r e c t  th e  prolonged  o n e-sta g e  c lo t t in g  tim e o f  s to r e d  
o x a la te d  p lasm a. Method (2) d escr ib ed  above i s  a m o d if ic a ­
t i o n  o f  t h i s  tech n iq u e .
O b servation s o f Munro & Munro (1 9 4 7 ) .
These w orkers found th a t  r a is in g  th e  pH o f  plasm a to
- i s -
1 0 .5  a l t e r e d  i t s  o n e -s ta g e  c lo t t in g  t im e . This d e fe c t
could  he c o r r e c te d  by th e  a d d it io n  o f  a lu m in a -tr ea te d  p lasm a. 
This phenomenon i s  probably caused by th e  d e s tr u c t io n  o f  
f a c to r  V by change o f  pH.
A c c e l e r a t o r  G-lobulin; Prothrombin a c c e l e r a t o r
Ware and S eeg ers (1948 a & b) d e sc r ib ed  a c c e le r a t o r  
g lo b u lin  ( a c - g lo b u l in ) and F a n tl and Nance (1 9 4 6 , 1948) 
d e sc r ib e d  prothrom bin a c c e le r a to r ;  th e s e  fa c to r s  are  b e l ie v e d  
to  be id e n t i c a l  w ith  fa c to r  V. Both th e s e  groups o f  
workers showed th a t  prothrom bin, prepared by a d so rp tio n  on 
in o r g a n ic  p r e c ip i t a t e s  and e lu t io n , req u ired  t h e i r  r e s p e c t iv e  
f a c t o r  f o r  rap id  con version  to  throm bin.
The synonyms fo r  fa c t o r  V may be summarized as fo l lo w s :
C oagu la tion  components probably id e n t ic a l  w ith  f a c t o r  V 
P r o a c c e le r in  and a c c e le r in  (re-nam ed by Owren 1951)
L a b ile  f a c t o r  (Quick 1943)
A c c e le r a to r  o f prothrombin con version  (F a n tl & Nance 1946) 
Plasma a c c e le r a to r  g lo b u lin  (Ware & S eegers 1948)
P r o p e r t ie s  o f F a cto r  V
The m a te r ia l prepared by ammonium su lp h ate  
p r e c ip i t a t io n  of alumina adsorbed normal plasma i s  f r e e  
from prothrom bin, o th e r  c o a g u la tio n  fa c to r s  adsorbed  
on a lum ina, and most o f the f ib r in o g en   ^ a n tih a em o p h ilic
F igu re
i r u r e  (7)
L a b i l i t y  o f  fa c to r  V a c t i v i t y  in  so3 .u tion .
O rdinate -  Thrombin u n i t s .
A b sc is sa  -  Time in  m in u tes a f t e r  r e c a l c i f i c a t i o n  
o f  in c u b a tio n  m ix tu r e .
T h is experim en t shows th e  im paired  a b i l i t y  to  
a c t iv a t e  prothrom bin by th e  same p r e p a r a tio n  o f  
f a c t o r  V, a f t e r  i t s  s to r a g e  a t  bench tem perature fo r  
th r e e  h o u r s . ^ r e p r e s e n ts  th e
•Q
a c t iv a t io n  by th e  fr e s h  fa c to r  V and 0-------0 i s  the
r e s u l t  from th e  same specim en  a f t e r  3 hours a t  bench  
tem p era tu re .
Thrombin
units
1 0 .
Time in minutes
g lo b u lin  and a n tith ro m b in . I t  i s  ob v iou s however th a t  th e  
f a c to r  V i s  n ot pure in  any o th er  s e n s e . F a cto r  V when 
prepared i s  u n s ta b le , w hich c o m p lic a te s  i t s  u se  in  e x p e r i-  
m ental work. For example i f  an experim ent ta k e s  3 hours 
to  com plete and the fa c to r  V, l e f t  a t  room tem p erature on th e  
bench^may g iv e  d i f f e r e n t  r e s u l t s  a t  th e  end o f  th e  e x p e r i­
ment from th o se  a t  th e  s t a r t .  In  F ig .  7 i s  shown th e  r e ­
s u l t s  o b ta in ed  by fr e s h  fa c to r  V and by th e  same p r e p a r a tio n  
k ept fo r  3  hours a t room temperature^ in  t h e i r  com parative  
a b i l i t y  t o  a c t iv a t e  prothrom bin. Curve A i s  the a c t iv a t io n  
by th e  fr e s h  fa c to r  V and Curve B i s  th e  r e s u l t  by th e  3 
h o u r s 1 specim en . (See page  ^  ^ o f  th e  a p p en d ix ) .
R ole o f  fa c to r  V in  b lo o d  c o a g u la t io n .
I t  I s  not proposed  t o  d is c u s s  t h i s  f i n a l l y  a t  th e  p r e s ­
en t tim e as i t  has t o  be co n sid er ed  in  r e la t io n  t o  b lo o d  
th ro m b o p la stin . For th e  p r e se n t  i t  has been  shown th a t  t h i s  
fa c to r  V i s  req u ired  fo r  the co n v e rs io n  o f  prothrom bin a t  
optim al speed  under th e  in f lu e n c e  o f  t i s s u e  e x tr a c t  and 
ca lc iu m . A ccording to  Owren t h i s  f a c t o r  e n te r s  th e  r e a c t io n s  
in v o lv e d  in  prothrom bin c o n v ersio n  a f t e r  th e s e  have s t a r t e d .
In  t h i s  concept fa c to r  V i s  an a c c e le r a to r  * o f  prothrom bin  
c o n v e rs io n . B ig g s , D ouglas and M acfarlane (1953) have p ro ­
duced ev id en ce  t o  su g g e s t  th a t  the fa c to r  V i s  in v o lv e d  in  
r e a c t io n  w ith  t i s s u e  e x tr a c t  b e fo r e  prothrom bin co n v ersio n  
b e g in s .
Occurrence o f  f a c to r  V .
F actor  V i s  p r e se n t  in  d i f f e r e n t  amounts in  th e  plasm a  
o f  d i f f e r e n t  s p e c ie s .  The c o n c e n tr a t io n  d e c r e a se s  in  th e  
fo llo w in g  ord er: r a b b it  )  dog } c a t  )  cow ) r a t  )• g u in ea
p ig  y  man } ch ick en  )  t u r t l e .  Human plasm a th e r e f o r e  h as  
a r e l a t iv e l y  sm all supply in  com parison w ith  o th er  a n im a ls . 
(S eeg ers and Ware 1 9 4 9 ) . T h is  i s  m entioned t o  i l l u s t r a t e  
th e  d i f f i c u l t y  o f in t e r p r e ta t io n  o f  th e  human c o a g u la t io n  
mechanism by anim al e x p er im en ts . For t h i s  r ea so n  human b lo o d  
and plasm a p rod u cts are used throughout t h i s  work. For e x ­
ample fa c to r  V i s  co m p lete ly  consumed d u rin g  the c lo t t i n g  
o f  human b lo o d , but b ov in e  serum s t i l l  has much fa c to r  V 
a f t e r  c o a g u la t io n  i s  com plete (A lexan d er, G o ld s te in  and 
Landtuehr 1 9 5 1 ) . T h is  f a i lu r e  o f  b ov in e  b lo o d  t o  consume 
a l l  i t s  f a c to r  V p robab ly  caused  c o n fu s io n  to  S e e g e r s  and 
h is  co-w orkers when th ey  c la im ed  th a t  serum c o n ta in s  a c o ­
a g u la t io n  component serum a c -g lo b u l in  - an a c t iv e  form o f  
t h e ir  plasm a a c -g lo b u l in .  S u sp en sion s o f  p l a t e l e t s  and 
p l a t e l e t  e x tr a c t s  have an a c t i v i t y  resem b lin g  fa c to r  V when 
t e s t e d  in  a system  c o n ta in in g  prothrom bin b r a in  th ro m b o p la stin  
and ca lc iu m . T h is a c t i v i t y  cannot be w ashed o f f  p l a t e l e t s  
(Ware, Fahey and S e e g er s  1 9 4 8 ) . A s im ila r  o b se r v a t io n  i s  
shown in  F igu re  8  and d e sc r ib e d  in  d e t a i l  in  the app en d ix .
F igu re  (8 )
F i g u r e  ( 8 )
F a cto r  V a c t i v i t y  o f  p l a t e l e t s .
'"Ordinate -  Thrombin u n i t s .
A b s c is s a  -  Time in  m in u tes a f t e r  r e c a l c i f i c a t i o n  
o f  th e  in c u b a tio n  m ix tu r e .
T h is  exp erim en t shows th e  a c t iv a t io n  o f  
prothrom bin under th e  in f lu e n c e  o f  b r a in  and ca lc iu m
w ith  th e  a d d it io n  o f  s a l in e  ( • ------ • )  and o f  a washed
p l a t e l e t  su sp e n s io n  ( 0 ------ 0 ) .
Thrombin 
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In cid en ce  o f  fa c to r  V d e f i c i e n c y .
F actor  V d e f ic ie n c y  i s  rare  in  c l i n i c a l  p r a c t i c e .  I t  
occurs as an in h e r ite d  c o n s t i t u t io n a l  ab n orm ality  or a s an 
acq u ired  d e fe c t  co m p lica tin g  parenchymatous h e p a t ic  d is e a s e  
(Owren 1949 , S te fa n in i  1 9 5 0 ) . I t  has been  r ep o rted  by  
K o lle r  e t  a l  (1 9 5 0 ), to  cause a haem orrhagic s t a t e  co m p li­
c a tin g  s c a r le t  f e v e r .
There have been 46 ca ses  ( in v o lv in g  13 f a m i l i e s )  o f  
c o n s t i tu t io n a l  d e f ic ie n c y  o f  fa c to r  V r ep o r ted  -  so  c a l le d  
parahaem oph ilia . In h er ita n ce  i s  from one g e n e r a tio n  to  th e  
n ex t b o th  se x e s  being  a f f e c t e d .  An in c o m p le te ly  dominant 
gene i s  the most l i k e l y  method o f  tr a n sm iss io n  (Owen &
Cooper 1955)
F actor VI or serum a c c e le r a to r  g lo b u l in .
Owren b e l ie v e s  th a t  fa c to r  V a c t i v i t y  changes t o  an 
a c t iv e  form during c lo t t in g  which he o r ig in a l ly  c a l le d  fa c to r  
V I. In  h is  m ost r ec en t term in ology  fa c to r  V corresp ond s to  
p r o -a c c e le r in  and fa c to r  VI to  a c c e le r in .  S im ila r ly  S eeg ers  
and h i s  c o lle a g u e s  b e l ie v e  th a t t h e ir  plasma a c -g lo b u lin  
changes from the in a c t iv e  form to  th e  a c t iv e  serum a c -g lo b u lin  
during c lo t t i n g .  The experim en ta l ev id en ce  quoted  in  support 
o f  th e se  con cep ts may have more than one in te r p r e ta t io n  and 
the q u e s tio n  i s  l e f t  a t th at for  th e  p r e se n t . The term s 
are m entioned as th ey  are not in fr e q u e n tly  used  in  th e  l i t e r ­
atu re  on b lood  c o a g u la tio n .
- 7<?~
Factor V I I .
Sweet c lo v e r  d is e a s e  in  c a t t l e  and i t s  trea tm en t w ith  serum .
T h ir ty  y e a rs  ago S c h o f ie ld  in  A lb e r ta  in  Canada and 
R oderick  in  N orth Dakota were s tu d y in g  haem orrhagic sw eet  
c lo v e r  d is e a s e  in  c a t t l e  (S c h o f ie ld  1924; R od erick  1931;
L ink 1 9 4 3 -4 4 ) . R oderick  e s ta b l is h e d  th a t  th e  prothrom bin  
a c t i v i t y  o f  th e  b lo o d  was red uced  and th a t  th e  e x te n t  o f  
th e  d im in u tion  was p a r a l l e l  to  th e  s e v e r i t y  o f  th e  haem orrhagic  
s t a t e .  The prothrom bin was e s t im a te d  by H o w e llfs a ceto n e  
method (H owell and Cekada 1 9 2 6 ); t h i s  tech n iq u e  in v o lv e d  
th e  p r e c ip i t a t io n  by a c e to n e , o f  th e  prothrom bin f r e e d  from  
a n tith ro m b in . T h is method was sound in  p r i n c ip l e .  R od erick  
observed  th a t  serum from u n a ffe c te d  c a t t l e  had c o n s id e r a b le  
th e r a p e u t ic  v a lu e  in  th e  treatm en t o f  th e  c o n d it io n . The 
fo llo w in g  i s  a q u o ta tio n  from R o d e r ic k s  p a p e r :-  f,th e  
w r ite r  found th a t  the in traven ou s in j e c t io n  o f  f r e s h ly  d e -  
f ib r in a te d  b ovin e b lo o d  from a normal anim al w hich  was n ot  
fe d  on sw eet c lo v e r  r e s u lt e d  in  th e  prompt r e c o v e r y  o f  many 
anim als w hich a lrea d y  showed th e  e f f e c t s  o f  s e r io u s  haem orr­
h a g e .” nThe r e s u l t s  were e q u a lly  fa v o u ra b le  w h eth er th e  
b lo o d  i s  in j e c t e d  w ith in  1 0  m inutes a f t e r  i t  i s  drawn or i f  
s e v e r a l hours e la p se  b e fo re  t r a n s f u s io n . Normal c i t r a t e d  
b lo o d  i s  l ik e w is e  e f f e c t i v e . ”
I t  i s  w id e ly  a ccep ted  th a t  serum, w hich has s to o d  fo r
- So-
s e v e r a l  hours c o n ta in s  no a p p re c ia b le  amounts o f  prothrom bin . 
Why th en  d id  serum have a th e r a p e u t ic  e f f e c t  on th e  manage­
ment o f  sw eet c lo v e r  d is e a se ?
The e f f e c t  o f  normal serum on th e  o n e -3 ta g e  c lo t t i n g  tim e  
o f  dicum arol p lasm a. D isc r e p a n c ie s  in  the a ssa y  o f  p r o ­
throm bin .
Owen and Bollm an r ep o rted  on th e  ^Prothrombin C onver­
s io n  F a cto r  o f  Dicum arol Plasm a” . They a d m in is ter ed  d icum arol 
t o  dogs and perform ed Q uick*s o n e -s ta g e  t e s t  on th e  plasm a  
and compared the r e s u l t s  w ith  th o se  o b ta in ed  by  th e  tw o -s ta g e  
t e s t  o f  Warner, Brinkhous and Sm ith (1 9 3 6 ). I t  i s  now ap­
p r e c ia te d  th a t  n e ith e r  o f  th e se  m ethods g iv e s  a tru e  a ssa y  
o f  prothrom bin, bu t n e v e r th e le s s  some im portant c o n c lu s io n s  
were drawn.
(a )  At c e r t a in  tim es a f t e r  th e  a d m in is tr a t io n  o f
dicum arol the tw o -s ta g e  t e s t  gave a much h ig h er  
l e v e l  o f  prothrom bin than d id  th e  o n e -s ta g e  t e s t .
(b) M ixtures o f 9 p a r ts  o f  dicum arol plasm a and 1  p a r t
o f  normal plasm a caused a g r e a te r  r i s e  in  p r o ­
throm bin p ercen ta g e  as e s t im a te d  by th e  o n e -s ta g e  
t e s t  than th e  t h e o r e t i c a l  r i s e  sh o u ld  have b e e n .
( c )  One p a r t o f  normal serum, f r e e  from prothrom bin ,
m ixed w ith  n in e p a r ts  o f  dicum arol plasm a was 
a ls o  e f f e c t i v e  in  sh o rten in g  th e  o n e -s ta g e  c l o t t i n g  
t im e .
M acm illan (1948) made s im ila r  o b s e r v a t io n s . The e x ­
p er im en ts o f  Mawson 1949 in d ic a te d  th a t  th e re  m ight be  an
-ab n orm ality  in  dicum arol plasma o th er  than the d e f ic ie n c y  
o f  prothrom bin.
The m ost s ig n i f i c a n t  o f th e s e  o b se r v a tio n s  was the  
f in d in g  th a t  normal serum w hich c o n ta in s  no prothrom bin was 
a b le  t o  sh o rten  th e  o n e -s ta g e  c lo t t in g  tim e o f  dicum arol 
plasm a. T h is was very  su g g e s t iv e  ev id en ce  t h a t  th e r e  was a 
d e fe c t  in  dicum arol plasm a o th er  than th e  d e f ic ie n c y  o f  p r o ­
throm bin.
F a cto r  V I I . The p rop erty  o f  normal serum t o  c o r r e c t  
th e  o n e -sta g e  c lo t t in g  tim e o f d icum arol plasm a i s  r e fe r r e d  
t o  a s  i t s  fa c to r  VII a c t i v i t y ;  th e  term  f a c t o r  V II was 
in tro d u ced  by R o lle r ,  L o e lig e r ,  and D uckert who made an i n ­
s t r u c t iv e  stu d y  o f i t s  p r o p e r t ie s .  Ox plasm a was f i l t e r e d  
through a S e i t z  f i l t e r  w ith  a s p e c i f i e d  amount o f  a s b e s to s  
and a p r e p a r a tio n  o f  prothrom bin made from th e f i l t r a t e  by  
a d so rp tio n  on barium su lp h a te  and e lu t io n .  T h is prothrom bin  
was fr e e d  from fa c to r  V by the barium su lp h a te  a d so r p tio n  
b u t even  on th e  a d d it io n  o f  optim al amounts o f  f a c to r  V, 
b r a in  throm bop lastin  and calcium  cou ld  n ot be a c t iv a t e d  s a t ­
i s f a c t o r i l y  t o  form throm bin. The fa c to r  V II was shown to  
be n e c essa ry  fo r  the form ation  o f  throm bin a t  op tim al sp eed  
b u t d id  not In crea se  th e  amount o f  throm bin form ed. R o lle r  
e t  a l  d e sc r ib e  s e v e r a l  o th er  f e a t u r e s  o f  f a c t o r  V I I .
(a )  i t s  c o n c e n tr a tio n  in  plasma and in  serum i s  th e  same.
(b ) i t  i s  r e l a t i v e l y  s t a b le  on s to r a g e .
(c )  s e p a r a tio n  o f  prothrom bin from fa c to r  V I I . The
authors s t a t e  th a t  I f  human or b ov in e  plasm a i s  
f i l t e r e d  s lo w ly  through an a s b e s to s  f i l t e r  (co n ­
ta in in g  2 0 % a s b e s to s )  and th en  through  an oth er  
f i l t e r  c o n ta in in g  30% a sb esto sr *  th e  f i l t r a t e  I s  
f r e e  o f  f a c t o r  V II bu t s t i l l  c o n ta in s  some p r o ­
throm bin (up to  3% i f  human and 10-20% i f  b o v in e )  
in  term s o f  th e  prothrom bin co n ten t o f normal 
human p lasm a.
(d ) The t e s t  system s used  fo r  th e  stu d y  w ere:
Measurement o f  ) 0 .1  c c . 1 /1 0  t e s t  plasm a
fa c to r  V I I . ) (F a cto r  V
) 0 .1  c c .  a sb e s to s  f i lte r e d (P r o th r o m b in
) ox plasm a (F ib r in o g en
) (se e  above) (No f a c t o r  V I I .
) 0 .1  c c .  m /40 CaClg
(L im itin g  f a c to r  - f a c to r  V II)
Measurement o f  
prothrom bin .
0 . 1  c c .  
0 .0 5  cc
0 * 1  c c .
1 / 1 0  t e s t  p lasm a.
ox plasm a  
t r e a te d  w ith  
t r ic a lc iu m  
phosphate
(F actor  V 
(F ib r in o g en
o x a la te d  human serum  
or p r e p a r a tio n  o f  
fa c to r  V II .
0 .1  c c . m/40 CaGlg
(L im itin g  f a c to r  -  prothrom bin) 
(R o lle r , L o e lig e r , D uckert, 1951)
Synonyms o f F actor  V I I .
The term fa c to r  V II has b een  adopted throughout th e  t h e s i s  
in  consequence o f  th e  exp erim en ta l work m entioned  above.
Other in v e s t ig a t o r s  have d e sc r ib e d  ex p erim en ta l phenomena, 
w hich can probab ly  be e x p la in ed  as due to  th e  c o a g u la t io n  
component d e sc r ib e d  by R o l le r ,  L o e lig e r  and D u ck ert. In  
consequence c e r ta in  synonyms o f  f a c to r  V II may be found in  
th e  l i t e r a t u r e .
(a ) S .P .C .A . (Serum prothrom bin c o n v e r s io n  a c c e le r a t o r )
A lexander and co-w ork ers (B oston  U .S .A .)
(b) C o-th rom b op lastin .
Mann and co -w ork ers. (Mayo C l in ic  U .S .A .)
(c )  P ro co n v ertin  and c o n v e r t in .
Owren and co -w ork ers. (O slo , N orw ay).
(d) Serum f a c to r  o f  Jacox .
(Jacox , U .S .A .)
( e )  Free prothrom bin.
(Q uick, U .S .A .)
Serum prothrom bin co n v ersio n  a c c e le r a to r  (S .P .C .A .)
(A lexan der, B . ,  de V r ie s  A. and G o ld s te in , R. 1949 a .b . c .  
(A lexan d er, B . ,  G o ld s te in  R. and Landwehr, G. 1 9 5 0 , 1951) 
(A lexander & Landwehr (1949) De V r ie s ,  A lexander  
and G o ld s te in , 1949)
The e s s e n t i a l  o b se r v a tio n  made was as f o l l o w s :-
”Plasma prothrom bin a c t i v i t y ” was m easured; plasm a was
tr e a te d  w ith  an in o rg a n ic  p r e c ip i t a t e  barium s u lp h a te . The
su pern atant plasm a c o n ta in s  fa c to r  V but not proth rom b in .
A m ixture was made c o n ta in in g  n in e  p a r ts  o f  barium s u lp h a te -
tr e a te d  plasm a and one p a r t o f  normal p lasm a.
0 . 1  c c . normal plasm a  
0 .9  cc . BaSO^ plasma
%<+ -
The m ixture i s  u sed  as in  Q u ick fs o n e -s ta g e  t e s t .
0 . 1  c c .  o f  above
0 . 1  b r a in  th ro m b o p la stin
0 .1  m/40 CaGlg
The m ixture c o n ta in in g  one p a r t  o f  normal p lasm a and 
n in e  p a r ts  o f  BaSO^ plasm a i s  c a l l e d  1 0 0 $  prothrom bin a c t i v ­
i t y .  Normal plasm a i s  fu r th e r  d i lu t e d  w ith  BaSO^ plasm a  
and a curve o f  prothrom bin a c t i v i t y  computed.
Serum prothrom bin a c t i v i t y .
The t e s t  serum was o x a la te d  and th e  prothrom bin  a c t i v i t y  
determ ined in  the same way.
0 .1  ml serum ) , ,
0 .9  ml BaS04  plaama ) were m ixed
0 . 1  ml o f  above
0 .1  ml B ra in  th ro m b o p la stin
0 .1  ml m/40 CaCl
&
In  one example t h i s  proved to  be 1 0$ . The S .P .C .A . a c t i v i t y  
o f  t h i s  serum was e s t im a te d  a s f o l lo w s :-
0 .0 5  ml normal plasm a (100$)
0 .0 5  ml o x a la te d  t e s t  serum (1 0$ )
0 .9  ml BaSO^ plasm a
T h e o r e t ic a l ly  t h i s  c o n ta in s  55$
Observed va lu e  = 1 20$
Enhancement 1 2 0 - 5 5  = 6 5 $
$  Enhancement * 65
55 x  100
= 1 1 8 $
T h is p ro p erty  o f  enhancement i s  r e fe r r e d  to  a s  due to  th e
S .P .C .A . co n ten t o f  th e  serum.
The r e s u l t s  on t h i s  example w e r e :-
Oxal Plasma Serum S a lin e  BaSO^ C lo t t in g
plasm a tim e
0 .0 5  0 0 .0 5  0 .9 0  4 1 .4n
0 0 .4 0  0 0 .6 0  5 5 ”
0 .0 5  0 .0 5  0 0 .9 0  2 4 .6 ,f
(Volumes in  m l)
A lexander and h is  c o lle a g u e s  d e sc r ib e d  th e  p r o p e r t ie s  o f  
S .P .C .A . I t  i s  adsorbed from serum by barium  su lp h a te  or a 
S e i t z  f i l t e r  and i s  reduced  in  c o n c e n tr a t io n  a f t e r  th e  ad­
m in is tr a t io n  o f  th e  coumarin d ru g s.
C o-th rom b oplastin  (Mann (1 9 4 9 ) , Mann, B arker and Hurn 
(1 9 5 1 ) , Mann and Hurn (1 9 5 1 , 1 9 5 2 ) , Mann, Hurn and B ark er ,
.. (1 9 5 1 ) , Mann, Hurn and Magath (1 9 4 7 ) , Mann, Mann and
Boilm an (1 9 5 0 ) ) .
H um , Barker and Mann (1947) ob served  th a t  dicum arol 
plasm a had a h ig h er  prothrom bin c o n ten t when m easured by a 
tw o -3 ta g e  t e s t  th an  when examined by Q u ick 1 s  o n e -s ta g e  t e s t .  
W hile u sin g  t h e ir  tw o -s ta g e  tech n iq u e  th e y  ob served  a s t r ik in g  
i n i t i a l  d e la y  in  throm bin form ation  in  d icum arol plasm a  
(Hurn and Mann 1 9 4 7 ) . T h is  su g g e s te d  to  them th a t  a p r e lim ­
in a ry  r e a c t io n  was occu rr in g  p r io r  t o  prothrom bin c o n v e r s io n  
(Mann 1 9 4 9 ) .
The t e s t  system  em ployed t o  stu d y  t h i s  p r e lim in a r y  r e ­
a c t io n  was as f o l lo w s :
1  c c . o f  b r a in  and ca lc iu m  were in cu b a ted  a t  room 
tem perature w ith
0 .5  c c .  o f  l/lO O  plasm a or serum ( t e s t  or c o n t r o l )
At 5 m inute in t e r v a ls :
0 .1 5  o f  above added t o  0 .0 5  o f  1 /2 5  d e f ib r in a te d  p lasm a  
and one m inute l a t e r  0 . 2  o f  f ib r in o g e n  added and c lo t t i n g  
tim e reco rd ed . The observed  c lo t t i n g  t im e s  were m easures  
o f  th e  amounts o f  throm bin formed in  one m inute from th e  
d e f ib r in a te d  plasm a under th e  in f lu e n c e  o f  th e  th ro m b o p la s tin  
p r e v io u s ly  t r e a te d .
The amount o f  throm bin formed a t one m inute was la r g e  
as compared w ith  th a t  from the u n tr e a te d  th r o m b o p la s tin .
The throm bin gen era ted  from th e  prothrom bin in  th e  plasm a  
in cu b a ted  w ith  the b r a in  and ca lc iu m  was u n record ab le  and 
th e r e fo r e  th e  one m inute y i e ld  under th e  c o n d it io n s  o f  th e  
t e s t  was s a id  to  be a measure o f  nc o -th r o m b o p la st in H. The 
c lo t t i n g  tim e a t  one m inute i s  tran sform ed  in t o  throm bin  
u n i t s .  The measure o f  p ercen ta g e  c o -th r o m b o p la stin  a c t i v i t y  
i s  th e n  as f o l l o w s :-
One m inute throm bin y i e l d  o f unknown D i l . o f  unknown 100
One m inute throm bin y i e ld  o f  c o n tr o l D i l . o f  c o n tr o l  x
= P ercen tage c o -th ro m b o p la stin  a c t i v i t y .
C o-th rom b op lastin  can be prepared  from serum in  w h ich  i t  i s  
s ta b le  and f r e e  from prothrom bin. I t  i s  adsorbed by c a l ­
cium phosphate and e lu te d  w ith  sodium  c i t r a t e .  Co-throm bo- 
p l a s t i c  a c t i v i t y  i s  reduced fo l lo w in g  the a d m in is tr a t io n  o f  
th e  coumarin drugs and t h i s  co n v e rs io n  d e fe c t  can be c o r ­
r e c te d  by th e  c o -th ro m b o p la stin  p r e p a r a tio n  from normal serum . 
The coumarin drugs produce a g r e a te r  d e p r e s s io n  o f  co-th rom b o­
p l a s t i n  th an  o f  prothrom bin. The name c o -th r o m b o p la stin  
was chosen  because th e  au th ors b e l ie v e  th a t  t h e i r  f a c t o r  r e ­
a c ts  w ith  t i s s u e  th rom b op lastin  b e fo r e  prothrom bin e n te r s  th e  
r e a c t io n .
P ro co n v ertin  (Owren and c o -w o r k e r s ) .
Owren, P .A . (1.947, 1 9 5 1 ) , Owren and Aas (1 9 5 1 ) , Owren 
and B j irk e lu n d  (1 9 4 9 ) .
Owren was probab ly  f i r s t  t o  a p p r e c ia te  th a t  th e r e  was 
in  a d d it io n  to  fa c t o r  V, a fu r th e r  c o a g u la t io n  component 
needed fo r  th e  c o n v e rs io n  o f  prothrom bin to  throm bin in  th e  
p resen ce  o f  b r a in  and ca lc iu m . In  1947 he c a l l e d  t h i s  co ­
fa c to r  V . Prothrom bin and c o - f a c to r  V were se p a r a ted  by  
f r a c t io n a l  a d so r p tio n  w ith  S e i t z  f i l t e r s ,  b eca u se  th e  c o ­
fa c to r  V was more e a s i l y  adsorbed th a n  prothrom bin . P ro ­
throm bin p u r i f ie d  in  t h i s  way, showed slow  in co m p lete  throm bin  
form ation  by th e  a d d it io n  o f  th ro m b o p la stin , f a c t o r  V and 
ca lc iu m . By the a d d it io n  o f  c o - fa c to r  V th e  throm bin form a­
t io n  p roceeded  r a p id ly .  C o -fa c to r  V was renamed p r o c o n v e r t in .
These exp erim en ts are e s s e n t i a l l y  th e  same in  p r in c ip le  a s  
th o se  d e sc r ib ed  b y  K o lle r .
O b servation s o f  Jacox (1949) (Jacox 1 9 4 9 , Jacox and Bays 1949   _ _ _ _ _ _ ---------— _  I9 6 0 )
Jacox (1948) observed  t h a t  i f  b r a in  and serum, were In ­
cubated  to g e th er  th en  th e re  was an in c r e a se  in  th r o m b o p la stic  
a c t i v i t y ;  t h i s  in c r e a se  occu rs r a p id ly ,  comes t o  a maximum 
and th e n  d e c l i n e s . The m ixture can be r e a c t iv a t e d  by th e  
fu r th e r  a d d it io n  o f  b r a in . T h is  th r o m b o p la stic  a c t i v i t y  
was t e s t e d  by the a b i l i t y  to  c lo t  normal plasm a when added 
to g e th e r  w ith  ca lc iu m .
I n a c t iv e  and f r e e  prothrom bin (Quick 1945 , Q uick and 
S t e f a n in i  1949)
In  1945 Quick found th a t when he m ixed stored , o x a la te d  
human plasm a (w ith  a p ro lon ged  o n e -s ta g e  c lo t t i n g  t im e )  w ith  
dicum arol plasm a the c o a g u la t io n  tim e o f  th e  m ix tu re  was 
norm al. Quick s t a t e d  th a t th e  p r o lo n g a t io n  o f  th e  c l o t t i n g  
tim e o f  the s to r e d  o x a la te d  human plasm a was due t o  th e  d i s ­
appearance o f  " la b i le  fa c to r "  w hich he argues i s  id e n t i c a l  
w ith  Owren1s fa c to r  V .
Quick and S t e f a n in i  (1949) found th a t  when norm al ox­
a la te d  plasma i s  s to r e d  In  g l a s s ,  th e  prothrom bin  tim e as  
determ ined by th e  o n e -s ta g e  procedure s t e a d i ly  in c r e a s e s ,  
bu t when a sm a ll q u a n tity  o f  adsorbed  plasm a w hich I s  r ic h
a s  a d d e d
in  f a c to r  V/, the m ixture w i l l  have a prothrom bin tim e as low  
as 8  seconds w hich i s  sh o r te r  than  th a t  o f  f r e s h  plasm a  
which i s  1 2  s e c o n d s . I f  th e  plasm a i s  s to r e d  in  s i l i c o n e  
co a ted  tu b es i t  l ik e w is e  l o s e s  I t s  fa c to r  V a c t i v i t y  but 
when adsorbed plasm a i s  added, th e  prothrom bin tim e i s  r e ­
s to r e d  to  on ly  1 2  se c o n d s .
Quick says th a t  th e  in c r e a se  in  prothrom bin a c t i v i t y ,  
which occu rs in  g la s s  b u t n ot in  s i l i c o n e  i s  n o t a t t r ib u t a b le  
to  th e  l a b i l e  f a c to r  but appears to  a r is e  from  an a c tu a l  i n ­
c re a se  o f  prothrom bin i t s e l f .  Q uick and S t e f a n in i  have 
p o s tu la te d  th a t plasma c o n ta in s  prothrom bin in  a p r e c u r so r  
s t a t e  in  a d d it io n  to  a c t iv e  prothrom bin . For th e  c o n v e r s io n  
o f  th e  p recu rso r  a rough su r fa c e  such  as g la s s  i s  r e q u ir e d .  
Quick b e l ie v e s  th a t  in  th e  o n e -s ta g e  t e s t  f r e e  or r e a c t iv e  
prothrom bin i s  d eterm in ed , w hereas in  th e  tw o -s ta g e  proced u re  
most o f  the in a c t iv e  prothrom bin ( c a l l e d  prothrom bogen) i s  
con verted  to  th e  a c t iv e  or f r e e  s t a t e .  He b e l i e v e s  th a t  h i s  
o n e -s ta g e  t e s t  m easures f r e e  prothrom bin and t h a t  the tw o- 
s ta g e  m easures t o t a l  prothrom bin (prothrom binogen and f r e e  
proth rom b in ). Quick m easures t o t a l  prothrom bin by th e  f o l ­
lo w in g  te c h n iq u e ; b lo o d  i s  c o l l e c t e d  in to  s i l i c o n e  tu b e s ,  
c h i l l e d  and th e n  c e n tr ifu g e d  a t  h ig h  sp eed  t o  ren der i t  f r e e  
from p l a t e l e t s .  As soon  a s c o a g u la t io n  occu rs the one-  
s ta g e  prothrom bin tim e i s  determ ined  a s in  Q u ick fs prothrom bin
t e s t  su p p ly in g  a sou rce  o f  f ib r in o g e n . T h is g iv e s  a m easure  
o f  th e  t o t a l  prothrom bin. Quick has found t h a t  in  d icum arol 
th erap y  th e  f r e e  prothrom bin drops prom ptly but i t  r e q u ir e s  
a number o f  days b e fo re  th e  t o t a l  i s  s i g n i f i c a n t l y  red u ced .
The s im i la r i t y  betw een f a c t o r  V II and Q u ick fs f r e e  p r o -  
throm bin i s  s t r ik in g  as i s  th e  s im i la r i t y  betw een  h i s  p ro -  
thrcaribinogen and prothrom bin.
S U M M A R Y
Prothrom bin.
(a ) t h i s  i s  th e  p recu rso r  o f  throm bin .
(b ) i t  i s  prepared by a d so r p tio n  on in o r g a n ic  p r e c i p i ­
t a t e s  fo llo w e d  by e lu t io n ;  even  th e  b e s t  p r e p a r a ­
t io n s  m ust c o n ta in  o th er  c o a g u la t io n  com ponents.
(c )  th e se  p r e p a r a tio n s  o f  prothrom bin can  be a c t iv a t e d
to  throm bin by c o n c en tr a ted  sodium c i t r a t e  w ith o u t  
any a d d it io n a l  components b e in g  p r e s e n t .
F actor  V .
(a ) a sh o r t d e s c r ip t io n  i s  g iv e n  o f  Owren*s p a t i e n t ;
t h i s  p a t ie n t  had a p ro lon ged  o n e -s ta g e  c l o t t i n g  
t im e , w hich was reduced by th e  a d d it io n  o f  normal 
plasm a from w hich th e  prothrom bin had b een  adsorbed  
by an in o r g a n ic  p r e c i p i t a t e . E lu a te s  from t h i s  
In organ ic  p r e c ip i t a t e  a f t e r  trea tm en t o f  normal 
plasm a, f a i l e d  to  c o r r e c t  th e  ab n orm ality  in  t h i s  
p a t i e n t .  These o b se r v a tio n s  le d  to  th e  d is c o v e r y  
o f  f a c to r  V .
(b ) p r e p a r a tio n s  o f  prothrom bin cannot be a c t iv a t e d  to
throm bin by b r a in  th ro m b o p la stin  and ca lc iu m  u n le s s  
fa c to r  V I s  p r e s e n t .
( c )  f a c t o r  V, f r e e  from o t h e r  known c o a g u l a t i o n
com ponents, can be prepared, from normal 
a d sorb ed  plasm a by ammonium s u lp h a t e  
p r e c i p i t a t i o n  betw een  33 and 50% s a t u r a t i o n .
(d )  measurement o f  f a c t o r  V.
The methods employed i n  t h i s  t h e s i s  a r e : -
(1 )  by com paring t h e  a c t i v a t i o n  o f
prothrom bin  by f a c t o r  V p rep a red  
from  t h e  t e s t  and c o n t r o l  s p e c im e n s .
( 2 )  by t h e  a b i l i t y  to  c o r r e c t  t h e  o n e - s t a g e  
; c l o t t i n g  t im e  o f  s t o r e d  o x a l a t e d
p la sm a .
( e )  t h e  s y n o n y m s  o f  f a c t o r  V a r e  d i s c u s s e d  -
throm bogen, l a b i l e  f a c t o r ,  a c c e l e r a t o r  
g l o b u l i n ,  prothrom bin  a c c e l e r a t o r .
F a c to r  VII
The term  f a c t o r  VII was in tr o d u c e d  by K o l l e r  e t  a l  
(1 9 5 1 ) ;  th e  im p ortan t e x p e r im e n ta l  o b s e r v a t io n s  s u g g e s t i n g  
t h i s  f u r t h e r  c o a g u la t io n  f a c t o r  may b e  enum erated as  
f o l l o w s : -
(a )  t h e  a d d i t i o n  o f  n o m a l  serum t o  d icu m a ro l plasm a
p rod u ces  a s h o r te n in g  o f  Q u ic k ! s o n e - s t a g e  
t e s t .
(b )  m ix tu r e s  o f  d icu m aro l and normal p lasm a prod u ce
a h ig h e r  p e r c e n ta g e  prothrom bin  a s  read  o f f  
Q u ic k ’ s d i l u t i o n  cu rv e  th a n  w ould  b e  e x p e c te d  
from t h e  a d d i t i o n  o f  th e  tw o .
( c )  v a r io u s  t w o - s t a g e  m ethods r e c o r d  more
prothrom bin  th an  t h e  o n e - s t a g e  t e s t  i n  
d icu m aro l p lasm a.
(d )  r e a c t io n  o f  d icu m aro l plasm a to  d i f f e r i n g
th r o m b o p la s t in s  gave  a d i f f e r e n t  p e r c e n t a g e  
o f  p ro th rom b in . T h is  was p a r t i c u l a r l y  so  
when R u s s e l ’ s v i p e r  venom p lu s  l e c i t h i n  
was u se d  as  compared w i t h  b r a in .
( e )  in  a m ixture o f  1 p a r t  o f  normal plasm a and 9
p a r ts  o f  BaS04~ t r e a t e d  plasma the  a d d i t io n  o f  
normal serum produced a sh o r te n in g  o f  the  one-  
s ta g e  c l o t t i n g  t im e .  Such a system  i s  not d e ­
f i c i e n t  in  f a c t o r  V. Dicumarol serum was l e s s
pow erfu l th an  normal serum i n  t h i s  p r o p e r ty .
( f ) I f  B r a in ,  M/40 GaClg and Serum are incubated, t o ­
g e th e r  and th e n  added t o  d icum arol plasma (w ith  
a lo n g  o n e -s ta g e  c l o t t i n g  t im e)  c o l l e c t e d  durin g  
th e  e a r ly  days o f  th era p y  th ere  i s  a v ery  marked 
sh o r te n in g  o f  the c l o t t i n g  t im e .  T h is  i s  much 
g r e a te r  than  the a d d i t io n  o f  th e s e  e n t i t i e s  w i t h ­
out p r e - in c u b a t io n .  T h is  I n t e r - a c t i o n  o f  b r a in
and serum i s  homologous and s p e c i e s  s p e c i f i c .
(g )  plasm a, p a s se d  through a Seitz; f i l t e r  w i th  s p e c i f i e d
a s b e s to s  co n ten t  w i l l  c o n t a in  prothrom bin which  
cannot be a c t iv a t e d  p r o p e r ly  i n  the  p r e se n c e  o f  
f a c t o r  V, b r a in  and ca lc iu m  c h lo r id e  b u t r e q u ir e s  
the p resen ce  o f  a f a c t o r  p r e se n t  in  normal serum  
( f a c t o r  V I I ) .
(h) the  p r o p er ty  o f  normal serum i n  the  o b s e r v a t io n s
d e sc r ib e d  above Is  found In serum f r e e  from p r o ­
thrombin and can be adsorbed by S e i t z  f i l t e r s ,  
Ca3(P0 4 )2 ,  BaS0 4  or A1(0H )3. I t  can be e lu t e d  from 
t h e s e  w ith  c i t r a t e - s a l i n e  or phosphate  b u f f e r .
( i )  d icum arol plasma and serum are  d e f i c i e n t  i n  t h i s
p r o p er ty  as  compared w ith  normal plasm a and serum.
The fo l lo w in g  diagram summarises th e  concept o f  
b lood  c o a g u la t io n ,  which r e s u l t e d  from th e  d i s s o l u t i o n  
o f  the  C l a s s i c a l  Theory as  o u t l in e d  in  Chapter 3 .
Calcium
F a c to r  V
F a cto r  VTI
Thrombin
Prothrombin
T issu e  e x tr a c t
F ib r in o g e n
F ib r in
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The a c t i v i t y  o f  normal adsorbed plasm a i s  dependent  
not o n ly  on th e  co n ten t  o f  AHG but a l s o  o f  
fa c t o r  V.
Measurement o f  b lo o d  th r o m b o p la s t ic  a c t i v i t y .
CHAPTER 9-
BLOOD THROMBOPLASTIN
The i n v e s t i g a t i o n s  o f  B i g g s ,  D ouglas and M acfarlane  
(1953 a . b . c . )  r e s u l t e d  i n  a new u n d erstan d in g  o f  b lo o d  thrombo- 
p l a s t i c  a c t i v i t y .  Much o f  th e  work d e s c r ib e d  i n  t h i s  t h e s i s  
i s  th e  a p p l i c a t io n  o f  th e s e  advances to  problem s o f  d e f e c t ­
iv e  h a e m o sta s is  i n  c l i n i c a l  p r a c t i c e .
When b lo o d  i s  withdrawn b y  c le a n  venepuncture  and h a l f  
d e l iv e r e d  t o  a c le a n  t e s t  tube and h a l f  d e l iv e r e d  t o  a t e s t  
tube c o n ta in in g  some t i s s u e  e x tr a c t  t h e  b lo o d  i n  th e  c l e a n  
tube ta k e s  5 -1 0  m inutes t o  c o a g u la te  whereas i n  th e  t i s s u e  
e x tr a c t  tube i t  c l o t s  in  a few se c o n d s .  U n t i l  r e c e n t  y e a r s  
i t  had been  assumed from t h i s  t h a t  th e  t i s s u e  th r o m b o p la s t in  
was a pow erfu l mechanism and th a t  th e  b lo o d  th r o m b o p la s t in  
was weak, i f  p r e s e n t  a t  a l l .  Some b e l i e v e d  t h a t  the  lo n g  
c l o t t i n g  tim e o f  whole b lo o d  was due to  minim al c o n ta m in a t io n  
w ith  t i s s u e .  By changing o f  s y r in g e s  and c o l l e c t i o n  o f  a 
second specim en a f t e r  d is c a r d in g  the  f i r s t  c o l l e c t i o n ,  s i g ­
n i f i c a n t  admixture w ith  t i s s u e  th r o m b o p la s t in  can be a v o id e d .
I t  was l i k e l y  th e r e f o r e  t h a t  b lo o d  d id  c o n t a in  a th r o m b o p la s t in  
system  o f  i t s  own. S in ce  b lo o d  remains f l u i d  w i t h i n  th e  
v e s s e l s  i t  was in f e r r e d  t h a t  t h i s  i n t r i n s i c  or b lo o d  thrombo­
p l a s t i n  was v e r y  f e e b l e  or d id  n ot e x i s t  i n  an a c t i v e  form .
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The e x i s t e n c e  o f  an i n a c t iv e  p r e cu rso r  o f  b lo o d  thrombo­
p l a s t i n  was p o s t u la t e d  by C ollingw ood and MacMahon (1912)  
who c a l l e d  i t  ’’prothram bokinase” and b e l i e v e d  t h a t  i t  was 
d e r iv e d  from p l a t e l e t s .  M acfarlane (1942) s u g g e s te d  t h a t  
a plasma f a c t o r  and a l i p o i d  r e a c te d  to g e t h e r  on c o n ta c t  
w ith  a f o r e i g n  su r fa c e  t o  produce a c t i v e  th r o m b o p la s t in .
Quick (1947) and Brinkhous (1947) b o th  c a r r ie d  out e x p e r i ­
ments su g g e s t in g  t h a t  th ro m b o p la s t in  was produced by th e  
i n t e r a c t io n  o f  th e  p l a t e l e t s  w ith  ’’a n t ih a e m o p h i l ic  g lob u lin ** , 
th e  plasm a f a c t o r  la c k in g  i n  h a e m o p h ilia .  Quick (1947) has  
c a l l e d  t h i s  plasma f a c t o r  wth rom b op la st in ogen n b e l i e v i n g  i t  
to  be the  p r e cu rso r  o f  th r o m b o p la s t in  and th a t  i t  i s  a c t i v a t e d  
by p l a t e l e t s .
A number o f  a ttem p ts have been made i n  th e  p a s t  t o  p r e ­
pare th ro m b o p la s t in  from human b lo o d ;  the r e s u l t s  o f  t h e s e  
a l l  su g g e s te d  t h a t  b lo o d  th r o m b o p la s t in  was weak. The p l a t e ­
l e t s  were found by Ware, Fahey and S e e g e r s  (1948) t o  c o n ta in  
”only  a sm all amount o f  th r o m b o p la s t in  i f  anyn . Antihaem o-  
p h i l i c  g lo b u l in  a lon e  has no th r o m b o p la s t ic  a c t i o n .  By m ix­
ing  p l a t e l e t s  w i t h  a n t ih a em o p h ilic  g lo b u l in  F erguson  (1 9 4 9 )  
and Shinowara (1951) were ab le  t o  produce th r o m b o p la s t ic  
a c t i v i t y  b u t  i t  was c o n s id e r a b ly  l e s s  than  t h a t  o f  t i s s u e  
e x t r a c t s .  T h is  f in d in g  was a p p a re n tly  i n  keep ing  w ith  th e  
lo n g  normal c l o t t i n g  tim e o f  w hole b lo o d  o f  5 -1 0  m in u tes  as
F ig u r e  (9 )
Thrombin g e n e r a t i o n  from whole* b l o o d  w i t h  and 
w ith o u t  added b r a in .
O rdinate -  Thrombin u n i t s .
A b s c is s a  -  Time i n  m in u tes  a f t e r  d e l i v e r y  o f  th e  
whole b lood  to th e  c e n t r i f u g e  tu b e s .
This experim ent shows the  g e n e r a t io n  o f  throm bin  
from whole b lo o d  d e l iv e r e d  to  g l a s s  c e n t r i f u g e  tu b e s  i n  
one o f  which th e r e  was some b r a in  th r o m b o p la s t in .  The 
p resen ce  o f  the  b r a in  red u ces  th e  d e la y  i n  th e  fo rm a tio n  
o f  the throm bin from th e  whole b lo o d .
Thrombin
units
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3
1 2  3 4  5 6 7 8  9 IO
Time in minutes
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compared w ith  12 -1 5  seconds when an optim al amount o f  t i s s u e  
th rom b op last in  i s  added t o  th e  b lo o d .  I f  a p r e p a r a t io n  o f  
b r a in  th ro m b o p la s t in  i s  d i l u t e d  and a s e r i e s  o f  c l o t t i n g  
t im es  record ed  w ith  t h e s e  d i l u t i o n s ,  i t  can be deduced t h a t  
the  normal b lo o d  c l o t t i n g  tim e o f  5 -1 0  m in u tes  i s  th e  e q u i v a l ­
en t  o f  a t i s s u e  th ro m b o p la s t ic  a c t i v i t y  o f  n o t  more th a n  a 
1/1 0 0 ,0 0 0 .
Thrombin G en eration  from whole b lo o d .
When whole b loo d  i s  p la c e d  in  a g l a s s  tube and th e  con­
c e n tr a t io n  o f  thrombin t h e r e in  i s  determ ined  a t  i n t e r v a l s  
by t r a n s f e r r in g  a l iq u o t s  in t o  f ib r in o g e n ,  during  th e  f i r s t  
few m inutes no throm bin appears; th e n  th e r e  i s  a sudden  
g e n e r a t io n  o f  thrombin w hich  cau ses  r a p id  c l o t t i n g  and a 
s t e e p l y  r i s i n g  thrombin c o n c e n tr a t io n  fo l lo w e d  by a d e c l in e  
i n  c o n c e n tr a t io n  as i n a c t i v a t i o n  by a n t ith ro m b in  o v e r ta k e s  
th e  r a te  o f  thrombin form a tio n . These o b s e r v a t io n s  were 
d e sc r ib e d  by M acfarlane and B ig g s  (1 9 5 3 ) .  An experim en t  
b a sed  on t h e s e  l i n e s  i s  shown i n  F ig u re  9 g iv e n  i n  d e t a i l  
in  th e  appendix , page . Curve A shows th e  fo rm a tio n  o f  
thrombin from the b lo o d  under th e  in f lu e n c e  o f  i t s  own 
th ro m b o p la s t in . Curve B r e p r e s e n t s  th e  r e s u l t s  when th e  
0 .2  s a l in e  i n  A was r e p la c e d  by 0 .2  b r a in  e x t r a c t .
These o b s e r v a t io n s  do n o t  support th e  o ld  con cep t o f  the  
p r e sen ce  o f  a f e e b l e  th ro m b o p la s t in  s lo w ly  prod u cin g  throm bin
-  (05  -
over a p e r io d  o f  m inutes s u f f i c i e n t  e v e n t u a l ly  t o  cause  c o ­
a g u la t io n ;  th ey  su g g es t  r a th e r  th a t  th r o m b o p la s t in  does n o t  
appear u n t i l  Just b e fo r e  c l o t t i n g .  S in c e  th e  r a t e  o f  
throm bin g e n e r a t io n  once s t a r t e d  i s  a lm ost as r a p id  i n  un­
t r e a t e d  b lo o d  a s  i t  i s  when the  optim al amount o f  t i s s u e  
e x tr a c t  i s  added, i t  seems l i k e l y  t h a t  th e  i n t r i n s i c  b lo o d  
th rom b op la st in  once formed i s  as p o ten t  as th e  t i s s u e  p r e p a r a ­
t i o n .  From th e s e  o b se r v a t io n s  i t  cou ld  be co n c lu d ed  th a t  
th e  r e l a t i v e l y  lo n g  c l o t t i n g  tim e o f  whole b lo o d  was l i k e l y  
to  be due t o  a d e la y  in  the  form ation  o f  b lo o d  th r o m b o p la s t in  
n o t  t o  th e  weakness o f  t h i s  once form ed. The s h o r t  c l o t t i n g  
time produced by t i s s u e  e x t r a c t s  was l i k e l y  t o  be due t o  th e  
avoidance o f  d e la y  i n  i t s  a c t io n .
In  consequence o f  th e s e  o b s e r v a t io n s  an a ttem p t was made 
t o  prepare t h i s  b lood  th ro m b o p la s t in  from r e a g e n t s  d e r iv e d  
from b lo o d .  To o b ta in  c o n c lu s iv e  r e s u l t s  th e s e  components 
had t o  be f r e e d  from prothrom bin as  th e  a c t i v i t y  o f  th e  p r o ­
d u ct was t e s t e d  by i t s  a b i l i t y  t o  c lo t  p lasm a. I t  was im­
p o r ta n t  t h a t  the  a c t i v i t y  o f  any in c u b a t io n  m ix tu re  was not  
a t t r i b u t a b l e  t o  thrombin formed i n  i t .
At the  o u t s e t ,  i t  was l i k e l y  t h a t  two components o f  
t h i s  b lo od  th ro m b o p la s t in  were p l a t e l e t s  and th e  plasm a  
f a c t o r  m iss in g  i n  h a em o p h ilia .  When normal c l o t t e d  b lo o d  
i s  m a in ta in ed  a t  370 C . in  a w ater  b a th  th e  prothrom bin
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d isa p p ea rs  over the fo l lo w in g  hour so  t h a t  th e  serum a f t e r  one 
hour co n ta in s  only t r a c e  amounts o f  prothrom bin -  th a t  i s  th e  
prothrombin i s  co m p lete ly  consumed. I t  i s  b e l i e v e d  t h a t  
t h i s  c o n v e rs io n  o f  prothrom bin t o  throm bin i s  the  consequence  
o f  s a t i s f a c t o r y  b lood  th rom b op la st in  fo r m a tio n . Where th e r e  
i s  f a i l u r e  t o  form b lo o d  th ro m b o p la s t in  th e n  t h e r e  i s  f a i l u r e  
to  convert prothrombin t o  thrombin i . e .  the  consum ption o f  
prothrom bin i s  d e f e c t i v e .  In  throm bocytopenia and haem op h ilia  
the  consumption o f  prothrom bin i s  d e f e c t i v e .
P l a t e l e t s . In  1912 Bordet and Delange found t h a t  the  
plasma o f  b ir d s  f r e e d  from p l a t e l e t s  became In c o a g u la b le .
R abbit plasma c o l l e c t e d  in t o  p a r a f f i n  c o a te d  c o n ta in e r s  and 
f r e e d  from p l a t e l e t s  by c e n tr i f u g in g  c l o t t e d  v ery  s lo w ly  and 
i n  th e  r e s u l t i n g  serum th ere  was much r e s i d u a l  prothrom bin  
even  when f i b r i n  form a tion  was com p lete . L a te r  workers  
(Quick, 1947 , B rin kh ous, 1947 , S o u l ie r  1950 and Merskey 1950}  
have confirm ed th a t  th e re  i s  d e f e c t iv e  prothrom bin consumption  
in  throm bocytopenia.
P l a t e l e t  su sp en sio n s  can be prepared  by d i f f e r e n t i a l  
c e n t r i f u g a t io n .  Plasma i s  c o l l e c t e d  in t o  graduated  c e n t r i ­
fuge tu b es  where the s u r fa c e s  have been  t r e a t e d  w ith  s i l i c o n e .  
The tech n iq u e  fo r  the  s i l i c o n i n g  o f  g la ssw a re  i s  d e sc r ib ed  
in  the appendix. The b lo o d  I s  c o l l e c t e d  in t o  c i t r a t e ,  in  
th e  standard p r o p o r t io n s  -  1 m l. o f  3 .8 $  sodium c i t r a t e  and
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9 m l. o f  b lo o d .  T his b lood  i s  c e n tr i fu g e d  a t  500 r .p .m .  f o r  
30 m inutes and the supernatant p l a t e l e t - r i c h  plasma se p a r a te d .  
This plasma i s  then c e n tr ifu g e d  in  s i l l c o n e - t r e a t e d  c o n t a in ­
e r s  a t  5 0 0 0 -1 0 ,0 0 0  r e v s ,  fo r  5 -10  m inutes In th e  h ig h  speed  
attachm ent o f  th e  c e n t r i f u g e .  The p l a t e l e t  f r e e  plasma i s  
decanted  and the  np lu g n o f  p l a t e l e t s  washed t w ic e  In  s a l i n e  
w ith  r e su sp e n s io n  a ided  by wooden a p p l ic a to r  s t i c k s .  The 
p r e p a r a t io n  o f  p l a t e l e t  su sp en s io n s  i s  d e sc r ib e d  i n  g r e a t e r  
d e t a i l  i n  the appendix , page When t h i s  su sp e n s io n  o f
p l a t e l e t s  i s  used in  p la ce  o f  b r a in  e x t r a c t  in  th e  o n e -s ta g e  
t e s t  th e r e  I s  no s i g n i f i c a n t  th rom b op la st ic  a c t i v i t y .
A n tih a em op h ilic  G lo b u l in .
H aem ophilic plasma has a normal o n e -s ta g e  c l o t t i n g  t im e .  
The r e a c t io n  w ith  a h igh  c o n c e n tr a t io n  o f  t i s s u e  e x t r a c t  i s  
normal. The whole b lo o d  c l o t t i n g  time i s  o f t e n  p ro lo n g ed  
a s  i s ' t h e  r e c a l c i f i c a t i o n  tim e. Prothrombin consum ption  
has been shown t o  be d e f e c t iv e  by Brinkhous ( 1 9 3 9 ) ,  Quick 
(1 9 4 7 ) ,  S o u l ie r  (1950) and Merskey (1 9 5 0 ) .  From t h i s  i t  
was concluded th a t  th e r e  was something la c k in g  from haemo­
p h i l i c  b lo od  which was needed fo r  i n t r i n s i c  th rom b op la st in  
fo rm a tio n . I t  was su g g es ted  a t  one time t h a t  th e re  was some 
abnorm ality  o f  the  p l a t e l e t s  which p rev en ted  t h e i r  normal 
f u n c t io n  in  haem ophilia  but th e r e  i s  no ev id en ce  t o  support
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t h i s .  Brinkhous (1947) and Quick (1947) found th a t  haemo- 
p h i l i c  p l a t e l e t s  and normal p l a t e l e t s  were e q u a l ly  e f f e c t i v e  
in  th e  c o r r e c t io n  o f  the  abnormal prothrombin consum ption o f  
h igh -sp u n  haem ophiiic  plasma p rov ided  a sm all q u a n t i ty  o f  
normal h igh -sp u n  plasma was a l s o  added. The m is s in g  plasma, 
f a c t o r  in  haem ophilia  has been c a l l e d  a n t ih a e m o p h il ic  g lo b u ­
l i n  (AHG).
I t  was r e c o g n ise d  th e r e fo r e  t h a t  two components were  
probab ly  req u ired  f o r  the  p ro d u ctio n  o f  b lo o d  thraraboplastir i-  
p l a t e l e t s  and th e  m iss in g  plasma f a c t o r  in  h a em o p h ilia .
Quick (1951) b e l i e v e s  th a t  th e  m iss in g  f a c t o r  i n  th e  plasma  
o f  h aem op h ilia cs  i s  the precu rsor  o f  th ro m b o p last in  -  thrombo- 
p la s t in O g e n  -  and th a t  t h i s  i s  a c t iv a t e d  by a f a c t o r  d e r iv e d  
from th e  d i s in t e g r a t io n  o f  p l a t e l e t s  a g a in s t  a f o r e ig n  s u r f a c e .  
Brinkhous (1947) b e l i e v e s  th a t  th e  p l a t e l e t s  c o n ta in  thrombo­
p l a s t i n  and t h e i r  breakdown i s  caused by a plasma f a c t o r  which  
i s  a c t iv a t e d  on c o n ta c t  and which causes a breakdown o f  
p l a t e l e t s .  He b e l i e v e s  th e  plasma fa c to r  to  be a thrombo- 
c y t o l y s i n .
F a i lu r e  o f  AHG and p l a t e l e t s  t o  form th r o m b o p la s t in .
A p r e p a r a t io n  o f  an tih aem op h ilic  g lo b u lin  was prepared  
by adsorb ing  normal plasma w ith  aluminium h yd rox id e . This  
i s  o b v io u s ly  a very  crude p r ep a ra tio n  o f  a n t ih a em o p h ilic  
g lo b u l in  as i t  co n ta in s  in  a d d it io n  fa c to r  V and f ib r in o g e n
F ig u r e  (1 0 )
Blood t h r o m b o p l a s t i n  d i l u t i o n  c u r v e ,
O rdinate -  c l o t t i n g  t im es  o f  h ig h  spun normal plasma. 
A b sc is sa  -  p ercen tag e  o f  b loo d  th r o m b o p la s t in .
T his f ig u r e  shows the  r e s u l t s  from d i l u t i n g  s e v e r a l  
p r e p a r a tio n s  o f  b lo o d  tn r o m o o p la s t in  and c l o t t i n g  0 . 1  m i. 
amounts1 o f  normal h ig h  spun plasma w ith  th e s e  d i l u t i o n s .
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and a n t i  thrombin. One m l. of* normal plasma was t r e a t e d  
w ith  0 .1  m l. o f  alumina and th e  m ixture in cu b a ted  a t  57°  C. 
in  a w ater b a th  fo r  e x a c t ly  th r e e  m in u te s .  I t  was th e n  im­
m ed ia te ly  c e n tr i fu g e d  t o  remove th e  alum ina and th e  su p er­
natan t decanted  in t o  4 m l . o f  s a l i n e .  T h is  was u sed  as the  
p rep a r a tio n  o f  AHG- - i . e .  adsorbed normal plasma d i l u t e d  one- 
i n - f i v e  w ith  s a l i n e .  A p l a t e l e t  su sp en s io n  was prepared  
as d escr ib ed  in  the appendix (page S ^ z  )• Equal p a r t s  o f  
the  alumina t r e a t e d  p lasm a, th e  p l a t e l e t  su sp e n s io n ,  s a l i n e  
and m/ 4 0  calc ium  c h lo r id e  were in cu b a ted  to g e th e r  and a t  
minute i n t e r v a l s  0 .1  m l. o f  t h i s  in c u b a t io n  m ixture  t r a n s ­
fe r r e d  to  0 .1  m l. o f  normal H .S . plasma which was s im u l­
ta n e o u s ly  r e c a l c i f i e d  w ith  0 .1  m l. o f  m/ 4 0  ca lc ium  c h l o r i d e .  
The c l o t t i n g  t im es  o f  t h e  plasma were th en  n o te d .
Experiment (a)
Minute
I n t e r v a l s  (1 ) (2 )  (3 )  (4 )  (5 )  (6 )
0 .3  A1(0H)^ plasma 1 /5  )
0 .3  p l a t e l e t s  ) 120 ” 65” 57” 57” 55” 50”
0 .3  s a l i n e  )
0 .3  m/40 CaClg )
The c l o t t i n g  time o f  a p r e p a r a t io n  o f  b r a in  thrombo­
p l a s t i n  t e s t e d  in  the  same system  would be 12” - 1 5 ” . I t  can  
be a p p rec ia ted  th e r e fo r e  t h a t  the  in c u b a t io n  m ixture  used  in  
t h i s  experim ent d id  not c o n ta in  the r e a g e n ts  r eq u ire d  to  form 
a pow erful th ro m b o p la s t in . In  chapter  3 an accou nt was g iv e n
F ig u r e  (1 1 )
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Formation o f  b lood  t h r o m o o p la s t in .1
s
O rdinate -  P ercen tage  b lo od  th r o m b o p la s t in .
A b s c is s a  -  In cu b a tio n  tim e i n  m inutes a f t e r  
a d d it io n  o f  ca lc iu m .
T h is  f i g u r e  shows (1 )  the  f a i l u r e  o f  form ation  
o f  blood th ro m b o p la s t in  from normal adsorbed plasma  
and p l a t e l e t s  (e x p . a .  §— • )
(2 )  th e  fo rm a tio n  o f  a 
pow erfu l th ro m b o p la s t in  from normal adsorbed plasma,  
p l a t e l e t s  and normal serum (e x p .  b. 0------ 0 ) .
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o f  fa c t o r  VII - a c l o t t i n g  fa c to r  which I s  adsorbed on alumina  
and i s  p r e se n t  in  normal serum not be in g  consumed during  
c l o t t i n g .  F actor  VII i s  needed f o r  th e  optim al sp eed  o f  
con version  o f  prothrombin t o  thrombin under the  in f lu e n c e  
o f  t i s s u e  e x tr a c t  and ca lc iu m . Mann (1949) and Jacox (1949)  
have su g g es ted  t h a t  f a c t o r  VII i s  needed fo r  th e  a c t i o n  o f  
t i s s u e  e x t r a c t  in  th e  co n v ers io n  o f  prothrom bin. Mann (1949)  
used th e  term co -th rom b op last in  to  d e sc r ib e  f a c t o r  V I I .
S in ce  the system  co n ta in in g  adsorbed normal p lasm a,  
p l a t e l e t s  and calcium  was shown to  be incom plete  i t  was d e ­
c id ed  t o  add a source o f  f a c t o r  V II .  For t h i s  rea so n  
normal serum was added t o  the in c u b a t io n  m ixture  i n  a d i l u ­
t i o n  o f  o n e - in - t e n  in  s a l i n e .  T h is  serum was ob ta in ed  from 
normal c l o t t e d  b lood  m ainta ined  a t  37° C. fo r  one h ou r . Such  
serum has been shown not to  c o n ta in  any a p p re c ia b le  amounts 
o f  prothrom bin, f a c t o r  V or a n t ih a em o p h ilic  g lo b u l in  (Douglas  
and B iggs  1 9 5 3 ) .  T h is  a d d i t io n  r e s u l t e d  i n  the  form ation  
o f  a very  pow erful throm bop lastin  - t e s t e d  i n  th e  same system  
as m entioned a b o v e .
Experiment (b )
(1) (2 ) (3) (4 )  (5 ) (6 )
0 .3  AKOH)^ plasma 1 /5  )
0 .3  P l a t e l e t s  ) 15 lf 1 0 n 9tt 9 n 9 f? 8 W
0 .3  Normal serum l / l O  )
0 .3  m/40 CaClg )
I t  might be argued t h a t  th e se  sh ort c l o t t i n g  t im es  were
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F ig u r e  (12)
Form ation o f  b lo o d  th rom D op lastfn .
O rdinate -  P ercen ta g e  b lo o d  th r o m b o p la stin .
A b sc is sa  -  In cu b a tio n  tim e i n  m in u tes a f t e r  
a d d it io n  o f  ca lc iu m .
T h is  f ig u r e  shows
(1 )  th e  f a i lu r e  o f  form ation  o f  b lo o d  
th ro m b o p la stin  from normal adsorbed p lasm a, p l a t e l e t s  
and serum w hich has a ls o  been adsorbed  w ith  alum ina  
(ex p ; c .  ♦  -  ♦)
(2 )  th e  form ation  o f  a p ow erfu l th ro m b o p la stin  
from normal adsorbed  p lasm a, p l a t e l e t s  and th e
e lu a te  from alum ina a d so r p tio n  o f  serum , (e x p .d . 0 ------ 0 ) .
i
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the consequence o f  thrombin con tam in atin g  th e  in c u b a tio n  
m ix tu re . The same r ea g e n ts  th e r e fo r e  were in cu b a ted  to g e th e r  
and in s te a d  o f  u s in g  0 .1  o f  h igh -sp u n  plasm a as th e  sub­
s t r a t e ,  f ib r in o g e n  was used; th e  s u b s tr a te  was 0 .4  amounts 
o f  f ib r in o g e n .
(1 )  (2 ) (3 )  (4 )  (5 ) (6 )
0 .3  A l(0H )g plasma 1 /5 )
0 .3  P l a t e l e t s  ) 3 ’+ 3 f4 3 !4 128 110 108
0 .3  Normal serum 1 /1 0  )
0 .3  m /40 CaClg )
R eferen ce to  th e  th ro m b in -fib r in o g en  d i lu t io n  curve  
w i l l  e s t a b l i s h  th a t  th e se  c lo t t in g  tim es r e p r e se n t  o n ly  tr a c e  
amounts o f  throm bin.
A c t iv e  f r a c t io n  o f  serum i s  adsorbed by a lu m in a .
Where th e  normal serum b e fo r e  d i lu t io n  was t r e a te d  w ith  
alum ina i t  was e s ta b l is h e d  th a t  th e  a c t iv e  p r in c ip le  r e q u ir e d  
from serum fo r  the form ation  o f  b lo o d  th ro m b o p la stin  had been  
rem oved.
Experim ent (c )
(1 ) (2 ) (3 ) (4 )  (5 )  (6 )
0 .3  A1(0H)3 plasm a 1 /5 )
0 .3  P l a t e l e t s  ) 85 64 48 46 47 45
0 .3  A1(0H)3 serum l/'lO )
0 .3  m /40 CaClg )
The a lum ina-adsorbed  f r a c t io n  o f serum was th e r e fo r e  
found t o  be needed in  th e  system  fo r  the p r e p a r a tio n  o f  b lo o d
th ro m b o p la stin . T h is was confirm ed by  p rep arin g  th e  e lu a te  
from, th e  alum ina and t e s t in g  i t  in  th e  sy stem . The e lu a te  
was made by e lu t in g  w ith  a phosphate b u f fe r  a t  pH8 fo llo w e d  
by d i a l y s i s  a g a in s t  c i t r a t e - s a l i n e .  The e x a c t  d e t a i l s  o f  
t h i s  are d e sc r ib e d  in  th e  appendix .
Experiment (d) (1 ) (2 )
0 .3  A1(0H )3 plasma 1 /5  )
0 .3  P la t e l e t s  ) 14 12
0 .3  e lu a te  from alum ina) 
a d so r p tio n  o f serum )
0 .3  m /40 CaClg )
(3) (4 )  (5 ) (6 )
11 11 11 10
At t h i s  s ta g e  the scheme o f  b lo o d  c o a g u la t io n  co u ld  be 
r e p r e se n te d  a s  fo l lo w s
E x tr in s ic  
T hrom boplastin Prothrombin
F actor  V
T issu e  E x tra ct
F a cto r  VII
Calcium
I n t r i n s i c  
T hrom boplastin
A lum ina-adsorbed plasm a
P la t e le t s
F r a c t io n  o f  serum removed 
by alum ina
Calcium
Thrombin -f F ib r in o g e n  * F ib r in
F actor  V and AHGr both  r e q u ir e d .
The alum ina-adsorbed f r a c t io n  o f plasm a was known to  
c o n ta in  fa c to r  V and a n tih a em o p h ilic  g lo b u lin .  These were 
sep a ra ted  by th e  ammonium su lp h a te  p r e c ip i t a t io n  o f  adsorbed
F ig u r e  (1 3 )
/
i  niT’f-
F orm ation  o f  b lo o d  th r o m b o p la s t in .
Ordinat'e -  P ercen tage  b lo o d  th r o m b o p la stin .
A b sc is sa  -  In cu b a tio n  tim e in  m in u tes a f t e r  
a d d it io n  o f  ca lc iu m .
T h is  f ig u r e  shows
(1 ) The form ation  o f  a p ow erfu l th ro m b o p la stin  
from normal adsorbed  p lasm a, p l a t e l e t s  and normal serum.
(2 ) The f a i lu r e  to  form th ro m b o p la stin  when 
fa c to r  V a lo n e  r e p la c e s  the normal adsorbed plasm a in  
th e  sy stem .
(3 )  The f a i lu r e  to  form th ro m b o p la stin  when A .H .S . 
alon e r e p la c e s  the normal adsorbed plasm a in  th e  
system .
(4 ) The r e s t o r a t io n  o f  s a t i s f a c t o r y  b lood  
th ro m b o p la stin  fo rm a tio n  when fa c to r  V and A.E.Gr. are  
b oth  p r e se n t  in  p la c e  o f  th e  normal adsorbed p lasm a.
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normal plasma and each t e s t e d  s e p a r a te ly  in  th e  system  as  
d e sc r ib ed  above. When th e  A 1 (O H ^)-treated normal plasm a  
i s  r e p la c e d  by e ith e r  fa c to r  V or a n tih a em o p h ilic  g lo b u lin  
th rom b op lastin  form ation  i s  reduced  and d e la y ed . When th e  
two are combined ra p id  th rom b op lastin  form ation  i s  r e s to r e d .  
The r e s u l t s  o f  such an experim ent were as fo l lo w s
Experim ent (e )
(1 ) (S) (3 )  (4 )  (5 ) (6 )
0 .3  A1(0H)3 plasma 1 /5  
0 .3  p l a t e l e t s  
0 .3  normal serum l / lO  
0 .3  s a l in e  
0 .3  m/40 CaClg
0 .3  F actor  V 1 /5  
0 .3  p l a t e l e t s  
0 .3  normal serum l / l O  
0 .3  s a l in e  
0 .3  m/40 CaClg
0 .3  A.H.G. 1 /5  
0 .3  p l a t e l e t s  
0 .3  normal serum l / lO  
0 .3  s a l  m e  
0 .3  m/40 CaClg
0 .3  F actor  V 1 /5  
0 .3  A.H.G. 1 /5  
0 .3  p l a t e l e t s  
0 .3  normal serum l / l O  
0 .3  m/40 CaClg
In  consequence o f  th e se  o b ser v a tio n s  th e  scheme o f  b lood  
th rom b op lastin  d escr ib ed  above had to  be a lt e r e d  t o  read  a s  
fo l lo w s
12 10 9 9 9 9
85 72 55 55 52 48
70 64 52 41 40 38
14 12 10 10 10 11
i!Lf -
E x tr in s ic  
Throm boplastin Prothrom bin |
F actor V
T issu e  e x tr a c t
F actor VII
Calcium
Thrombin
I n t r in s i c  
T hrom boplastin
F actor  V _________
A n tih aem op h ilic  g lo b u lin
P la t e le t s
F r a c tio n  o f  serum 
removed by alum ina
Calcium
4 F ib rin o g en F ib r in
Measurement o f B lood Thrombop1a s t i c  A c t i v i t y .
Although plasm a th rom b op lastin  was not s ta b le  a t  37° C. 
and a l l  a ttem pts t o  prepare a s ta b le  form f a i l e d ,  the p o ten cy  
cou ld  be m aintained  a t  4° G. fo r  s u f f i c i e n t  tim e to  t e s t  
v a r io u s  sam ples prepared and d ilu te d  w ith  s a l i n e .  0 ,1  m l. 
o f  each d i lu t io n  to g e th er  w ith  0 .1  m l. o f  m/40 CaClg were 
th en  added t o  0 .1  m l. o f  normal s u b s tr a te . From a number 
o f  samples th e  curve shown in  f ig u r e  /o  was o b ta in ed . The 
curve can be converted  t o  a s tr a ig h t  l in e  by p lo t t in g  th e  
f ig u r e s  on a double lo g a r ith m ic  s c a l e .  The d i lu t io n  curves  
from v a r io u s  sam ples o f  b lood  throm bop lastin  u sed  fo r  th e  
c o n str u c tio n  o f  th e  graph in  f ig u r e  /o are g iv e n  in  th e  
appendix.
U sin g  t h is  graph th e  r e s u l t s  o f th e  experim ents (a )
(b ) (c )  (d) and (e )  can be rep resen ted  in  f i g u r e s : r  >3.
experiments a-b figu re  f (
experim ents c -d f ig u r e  i z
experim ent e f ig u r e  fd
I t  i s  c le a r  th e r e fo r e  th a t  th e r e  are two pow erfu l system s  
fo r  th e  co n v ersio n  o f  prothrom bin to  throm bin. The e x ­
t r i n s i c  th rom b op lastin  system  has as an e s s e n t i a l  component 
t i s s u e  e x tr a c t ,  w h ile  th e  i n t r in s i c  system  i s  dependent en­
t i r e l y  on components d er iv ed  from th e  b lood  i t s e l f .  S in ce  
damage t o  t i s s u e  i s  an in v a r ia b le  accompaniment o f  a c c id e n t ­
a l ly  occurring haemorrhage i t  i s  not unreasonable th a t  th e  
e x t r in s ic  system  i s  th e  one which7 u n t i l  r e c e n t  y e a rs  r e c e iv e d  
most a t t e n t io n . Two fa c to r s  have s t im u la te d  r e c e n t  i n t e r e s t  
in  th e  b lood *s own in t r in s i c  system . The f i r s t  i s  th e  dem­
o n s tr a t io n  th a t  the b lood  th rom b op lastin  i s  v ery  p o w er fu l, 
in s te a d  o f  the former concept o f a weak mechanism. The 
second i s  th e  o b serv a tio n  by Brown (1951) th a t  a p ow erfu l 
t i s s u e  throm b op lastin  cou ld  be prepared  from the t i s s u e s  o f  
a haem ophiliac who d ied  o f haem orrhage. T h is b r a in  e x tr a c t  
from th e  haem ophiliac was as pow erful as th a t  from a normal 
b r a in  in  i t s  a b i l i t y  t o  c lo t  haem ophilic  p lasm a. T h is  
s t r e s s e s  the grave r e s u l t s  o f  a f a i lu r e  o f  the b lo o d  thrombo­
p la s t in  system  in  p h y s io lo g ic a l  h a e m o sta s is .
In  t h i s  chapter I have d escr ib ed  a few experim en ts as  
th ey  r ep re sen t key o b serv a tio n s  in  our un derstand ing o f  b lo o d
th rom b op lastin . The e lu c id a t io n  o f  the mechanism o f  b lood  
th rom b op lastin  covered  a co n sid era b le  p e r io d  o f exp erim en ta l 
work done in  th e  Department o f  C l in ic a l  P a th o lo g y , The Rad- 
c l i f f e  In firm ary , O xford, to g e th e r  w ith  D r. Rosemary B ig g s  
and D r. R. 0 .  M acfarlan e.
SUMMARY
Evidence i s  p resen ted  th a t  a pow erfu l b lo o d  thrombo­
p l a s t i n  can be prepared by in cu b a tin g  to g e th e r  in  th e  p r e s ­
ence o f  calcium  y f a c t  or V, a n tih a em o p h ilic  g lo b u l in ,  p l a t e ­
l e t s  and th e  f r a c t io n  o f  serum adsorbed by a lum ina.
'  i n -
REFERENCES
B ig g s , R ., D ouglas, A .S . ,  and M acfarlane, R.G-. (1 9 5 3 ) .
The form ation  o f th rom bop lastin  in  human b lo o d .
J . P h y s io l . 119, 89 .
B ig g s, R ., D ouglas, A . S . ,  and M acfarlane, R.G. (1 9 5 3 ) .
The i n i t i a l  s ta g e s  of b lood  c o a g u la t io n . J . P h y s io l .
122, 538.
B ig g s , R ., D ouglas, A .S .,  and M acfarlane, R.G. (1 9 5 3 ) .
The a c t io n  of th rom b op lastic  su b s ta n c e s . J .  P h y s io l .
122, 554 .
B ordet, J . ,  and D elange, L. (1 9 1 2 ) . La C oagu la tion  du
sang e t la  g en ese  de la  throm bine. Ann. I n s t .P a s t e u r ,
26 , 655 .
B rinkhous, K.M. (1 9 3 9 ) . A study o f th e  c lo t t in g  tim e
in  haem ophilia: th e  d e layed  form ation  o f  throm bin.
Amer. J . med. S c i .  198, 509.
B rinkhous, K.M. (1 9 4 7 ) . C lo tt in g  d e fe c t  in  h aem op h ilia .
D e f ic ie n c y  in  a plasma f a c t o r  req u ired  f o r  p l a t e l e t  
u t i l i s a t i o n .  P roc. Soc. exp. B io l .  N.Y. 6 6 , 117 .
Brown, A. (1 9 5 1 ) . Unpublished o b s e r v a t io n s .
C ollingw ood , B .J . and MacMahon, M.T. (1 9 1 2 ) . The
a n tic o a g u la n ts  in  b lood  and serum. J . P h y s io l .  4 5 ,1 1 9 .
D ouglas, A .S . and B ig g s , R. (1 9 5 3 ) . The consum ption o f
some components in v o lv ed  in  p h y s io lo g ic a l  b lood  c o a g u la t io n .  
G lasg . med. J . 3 4 , 329 .
Ferguson, J .H . (1 9 4 9 ) . Blood C lo tt in g  and A l l ie d
Problem s. Second Conference o f  th e  J o s ia h  Macey J r .
F oundation, p . 211.
Jacox , R .F. (1 9 4 9 ) . S tu d ie s  on th e  a c t iv a t io n  o f a
serum prothrom bin co n v ertin g  f a c t o r .  J . c l i n .  I n v e s t .
2 8 , 4 9 2 .
M acfarlane, r i.G .(1 9 4 2 ). V itam in K and th e  e s t im a tio n
of prothrom bin. Proc. Roy. Soc. med. 3 5 , 4 1 0 .
M acfarlane, R.G. and B ig g s , R. (1 9 5 3 ) . A thrombin  
g en era tio n  t e s t .  The a p p lic a t io n  in  haem ophilia
and throm bocytopenia. J . c l i n .  P a th .,  6 , 3 .
Mann, F .D . (1 9 4 9 ) . C o-throm boplastin  a s s a y . Am er.J. c l i n .
Path . 19 , 861.
M erskey, C. (1 9 5 0 ) . The consumption of prothrom bin
during c o a g u la t io n . The d e fe c t  in  haem ophilia
and throm bocytopenic purpura. J . c l i n .  P ath . 3 , 130 .
Q uick, A .J . (1 9 4 7 ) . S tu d ie s  on th e  enigma o f  th e
h aem osta tic  d y sfu n ctio n  o f h aem op h ilia . Amer. J .  m ed .S c i. 
214, 272.
Q uick, A'.J. (1 9 5 1 ) . The p h y sio lo g y  and p a th o lo g y
o f h a e m o sta s is . Henry Kempton, London.
Shinowara, G.Y. (1 9 5 1 ) . Enzyme s tu d ie s  on human b lo o d .
The i s o la t io n  and c h a r a c te r is a t io n  o f th e  th ro m b o p la stic  
c e l l  and plasma com ponents. J . Lab. c l i n .  Med. 3 8 ,1 1 .
S o u lie r , J .P .  (1 9 5 0 ) . Study o f prothrom bin consum ption.
P r a c t ic a l  in t e r e s t  fo r  th e  d ia g n o s is  o f haem orrhagic 
d is e a s e s .  A cta . med. Scand. 137, 1 .
Ware, A. G ., Fahey, J .L . and S e e g e r s , W.H. (1 9 4 8 ) .
P la t e le t  e x tr a c t s ,  f ib r in  form ation  and in t e r a c t io n  
o f p u r if ie d  prothrombin and th rom b op lastin .
Amer. J . P h y s io l .  154, 140.
CHAPTER S
DISCOVERY OF CHRISTMAS DISEASE
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The o b ser v a tio n  th a t the c o a g u la tio n  d e fe c t  in  f,haemo- 
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I n v e s t ig a t io n  on th e  f i r s t  two r e c o g n iz e d  c a se s  o f  
Christm as D is e a s e .
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Christm as fa c to r  a s a component o f  b lood  th r o m b o p la stin .
-  i 2
CHAPTER 5'
DISCOVERY OF CHRISTMAS DISEASE
U n til  r e c e n t  years h aem op h ilia  has been  d e fin e d  as a 
c o n s t i t u t io n a l  anomaly o f  b lood  c o a g u la t io n , depending on 
the h e r e d ita r y  tr a n sm iss io n  o f  a s e x - l in k e d  r e c e s s iv e  t r a i t ,  
and having as i t s  fe a tu r e  a l i f e l o n g  l i a b i l i t y  to  haemorrhage 
in  the a f f e c t e d  m a les . Thus i t  has been a c ce p ted  th a t  
fem ales are a lm ost e x c lu s iv e ly  immune from th e d i s e a s e ,  b u t  
capable o f  tr a n sm itt in g  i t  to  t h e ir  male o f f s p r in g  and th a t  
the m a n ife st d is e a se  i s  c h a r a c te r is e d  by th e  occu rren ce o f  
b le e d in g  in to  j o in t s  and deep t i s s u e s  e i t h e r  sp o n ta n eo u sly  
or fo llo w in g  minor trauma. The tim e-honoured la b o r a to r y  
c r i t e r io n  fo r  the d ia g n o s is  o f  h aem oph ilia  i s  a p r o lo n g a t io n  
o f  th e  whole b lo o d  c lo t t in g  t im e . The in v e s t ig a t io n s  
about to  be d escr ib ed  have thrown fr e s h  l i g h t  on t h i s  d is e a s e  
and show th a t  th e  c o n d it io n  form erly  covered  by th e  term  
h aem oph ilia  c o n ta in s  two q u ite  d i f f e r e n t  e n t i t i e s ,  i n d i s ­
t in g u is h a b le  by c l i n i c a l  m ethods.
Mutual c o r r e c t io n  o f  the c o a g u la tio n  d e fe c t  amongst haemo­
p h i l i a c s .
In  1950 Dr. J . G. F.  P oole  working in  Oxford observed  th a t  
the plasma o f  one p a r t ic u la r  "haem ophiliac” ( N . J . )  was a b le  
t o  c o r r e c t  th e  calcium  c lo t t in g  tim e o f  haem ophilic  plasm a  
as w e l l  as d id  normal plasm a (P oole 1952) .  The o b se r v a tio n
( 2 2  '
was rep ea ted  in  r e la t io n  t o  s e v e r a l o th er  h a em o p h ilics  -  
the b lood  from t h i s  p a t ie n t  was a b le  t o  c o rr ec t  th e  d e fe c t  
in  se v e r a l o th er  h a em o p h ilia cs . D r. J . V.  D acie  and D r.
W.R. P itn ey  working in  th e  Department o f  H aem atology, P o s t ­
graduate M edical S c h o o l, Hammersmith, London, found a fu r th e r  
case ( S. G. )  o f  ’’h aem op h ilia” a ls o  capable  o f  c o r r e c t in g  th e  
d e fe c t  in  se v e r a l h a em o p h ilia cs . T h is  was s u g g e s t iv e  e v i ­
dence th a t  "haem ophilia” c o n s is te d  o f  two d i f f e r e n t  c o n d i­
t io n s .
the
I n v e s t ig a t io n s  onAf i r s t  two r ec o g n ize d  c a se s  o f  C hristm as  
D is e a s e .
I t  was by the a p p lic a t io n  o f  the tech n iq u es  d e sc r ib e d  
in  Chapter 4 fo r  the study o f  b lo o d  th ro m b o p la stin  th a t  t h i s  
problem was fu r th e r  e lu c id a te d . U sing th e se  te c h n iq u e s  
th e se  f i r s t  two ca ses were in v e s t ig a te d  by me in  th e  summer 
o f  1952 in  th e  Department o f  C l in ic a l  P a th o lo g y , R a d c l i f f e  
In firm a ry , Oxford. T h is formed one o f  th e  most in tr ig u in g  
a sp e c ts  o f  the exp erim en ta l work d e sc r ib ed  in  t h i s  t h e s i s .
Plasma and serum was ob ta in ed  from each o f  th e se  two 
p a t ie n t s  -  the Oxford case ( N . J . )  and th e  Hammersmith case  
( S . C . ) .  The p a t ie n t  from th e  Hammersmith H o sp ita l had th e  
surname o f  Christm as and as he was one o f  the f i r s t  two 
In v e s t ig a te d  i t  was d ec id ed  t o  r e ta in  t h i s  name fo r  the  
c o n d it io n , which has been  c a l le d  ’’C hristm as D is e a s e ” . The
F ig u r e  (1 4 )
Fam ily tr e e  o f  C hristm as d is e a s e  -  ca se  ( 1 ) .  S. C.  
Fem ales r e p r e se n te d  0 
U n a ffe c te d  m ales r e p r e se n te d  D 
A ffe c te d  m ales r e p r e se n te d  ■
The fa m ily  h i s t o r y  was n e g a t iv e .
%
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problem o f  term in o logy  w i l l  be d isc u sse d  l a t e r .  As th e se  
f i r s t  two p a t ie n t s  were in v e s t ig a te d  by me, th e  la b o r a to r y  
f in d in g s  in  them w i l l  be d e sc r ib ed  in  c o n s id er a b le  d e t a i l .  
Three o f  the other p a t ie n t s  rep o rted  in  th e  o r ig in a l  p u b l ic a ­
t io n  are d escr ib ed  in  l e s s  d e t a i l .  (B ig g s , D ou g las , Mac­
fa r la n e , D a c ie , P itn e y , M erskey, O 'B rien , 1952) .
Case R ep o r ts .
Case 1 . S .C . (aged 5 ) .  M ale. In  t h i s  case  th e r e  
was no h is to r y  o f  d e f in i t e  haemorrhage in  o th er  members o f  
the fa m ily  (see  f ig u r e  ) .  The p a t ie n t  had numerous e p i ­
sodes o f  haemorrhage w ith  haem arthroses d a tin g  from  the age  
o f  20 m onths. He had been tr a n sfu se d  on s e v e r a l o c c a s io n s  
and i t  had been con sid ered  th a t  t h is  was a s u c c e s s f u l  form o f  
therapy in  h is  c a s e .
Whole b lood  c lo t t in g  tim e (Lee & W h ite) 14*.
(Method ( 1 ) )
On another occa sio n  36*,  46*,  72*.
Prothrombin Consumption index (Merskey) 100$ .
K 'i
O ne-stage prothrom bin time - norm al.
Case 2 . N. J . (aged 7 ) .  M ale. In  t h i s  case a ls o  
th ere  was no d e f in i t e  fa m ily  h is to r y  o f  b le e d in g . (See 
f ig u r e  /S  ) The p a t ie n t  had su ffe r e d  numerous haem orrhagic  
in c id e n ts  from the age o f 3 m onths, th e se  o fte n  n e c e s s i t a t in g  
tr a n s fu s io n . When seen  in  Ju ly  1952 he was s u f fe r in g  from a
F ig u r e  (1 5 )
j
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Fam ily  t r e e  o f  C h ristm as d i s e a s e  - *case ( 2 ) ,  N . J .  
Fem ales r e p r e se n te d  0 
U n a ffe c te d  m ales r e p r e se n te d  □
A ffe c te d  m ales r e p r e se n te d  £
The f ig u r e s  in  fr o n t  o f  th e  sym bols in d ic a te  the  
number o f  b r o th e rs  or s i s t e r s  in  th a t  p a r t ic u la r  s e r i e s  
o f  s ib l in g s  e . g .  40  in d ic a t e s  4 s i s t e r s .
The fa m ily  h i s t o r y  was n e g a t iv e .
C a s e  2 N .J .
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haem qrthrosis o f  th e  k n ee .
Whole b lo o d  c lo t t in g  tim e (Lee & W hite) 39 - 72* .  
Prothrombin Consumption (Merskey in d ex ) 1 5 0 $ . 
O ne-stage prothrom bin tim e - norm al.
B leed in g  t im e , to u rn iq u e t t e s t  and p l a t e l e t  count - normal
Study by r e c a lc i f i c a t i o n  tim es on Case3 1 and 2 .
H aem ophiliac fo r  com parison w ith  th e s e  p a t ie n t s  was P.L.
C lo t t in g  tim e  
in  m in u te s .
.1  c c . Nor, plasm a
w.1 c c . Haem. plasma
.1  c c .  Case 1 . plasm a 15
1 c c . Case 2 . plasm a
.05 Haem. plasm a .05  Nor, plasm a
.05  Case 1 .  plasm a .05  Nor, plasm a
.05  Case 2 . plasma ♦ 05 Nor, plasm a
♦ 09 Haem. plasma .01 Nor. plasm a
.0 9  Case 1 . plasma .01 Nor. plasm a
.09  Case 2 . plasma .01 Nor. plasm a
?.05 Haem. plasm a .05  Case 1 .  plasm a
|.0 5  Haem. plasm a .05  Case 2 . plasm a
.05
r o i
Case 1 .  plasma
Case 1 .  p la s ma 
.09  Case" 1~. plasma.
.05  Case 2 . p lasm a
i.05 Nor, plasma
.05  Haem. plasma
1.05 Case" 1 . plasm a
Case 2 . p i asma 
Case 2 .  "plasma 
alum ina plasm a
. 05 alum ina p l asma 
. 05 alum ina plasm a
C on clu sion s from t h i s .
(1 ) Cases 1 . and 2 . would appear t o  have th e  same ab­
n o rm a lity , as th ey  do not m u tu a lly  c o r r e c t .
(2 ) The c o a g u la tio n  d e fe c t  in  Cases 1 . and 2 . i s  n ot the
same as in  the h aem op h iliac . Case 1 . and th e  
h aem oph iliac  are m u tu a lly  c o r r e c t iv e  as are Case 2
and the h a em o p h ilia c .
F ig u re  (16)
T h ro m b o p la st in  g e n e r a t io n  t e s t  i n  C h ristm as  
d is e a s e  -  Case ( 1 ) .
O rdinate -  p ercen ta g e  b lood  th r o m b o p la s tin . 
A b sc is sa  -  in c u b a tio n  tim e in  m in u tes a f t e r  
a d d it io n  o f  c a lc iu m .
Normal serum and normal p l a t e l e t s  c o n s ta n t .  
Normal adsorbed  plasm a • — •
Case (1 ) adsorbed plasm a 0— 0 
H aem ophilie a d s . plasm a X— -X 
(R e s u lt s  o f  experim en t s im ila r  to  t h a t  d e sc r ib e d  
in  the t e x t ) .
%Thromboplastin
140-
120-
100-
80-
60-
40-
20-
I 2 3 4  5 6 7 8
Time in minutes
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(3 ) Alumina adsorbed normal p lasm a c o r r e c t s  th e  ab­
n orm ality  in  the h aem op h iliac  bu t n o t in  Case 1 .
(4 ) Normal plasm a c o r r e c ts  the abn orm ality  in  haemo­
p h i l i a  and in  Case 1 .
O ne-stage c lo t t in g  t im e s *
Normal 1 5 n
Case 1 .  1 5 n
Case 2 . 1 6 H
H aem ophiliac 1 6 w
Prothrom bin co n ten t by th e  g lo b u lin  f r a c t io n  te c h n iq u e .
Normal 100$
Case 1 . 95$
Case 2 . 95$
H aem ophiliac 100$
S tu dy o f  t he d e fe c t  by th e  t h r ombopla s t i n  g en erat io n  
te c h n iq u e .
Adsorbed plasm a was prepared  from  th e  normal? from  
Case 1? Case 2  and the h a em o p h ilia c .
Serum was prepared from th e  normal? Case 1 , Case 2 and 
the h aem op h iliac .
P la t e le t s  were prepared from th e normal and from Case 2 .
Normal r e a c t io n  from th e adsorbed plasm a in  th e s e  p a t i e n t s .
eg
Case 1 ,  normal and h a em o p h ilia c .
Normal serum 
Normal p l a t e l e t s  
C o n sta n t.
(1 ) (2 ) (3 ) (4 ) (5 )
9 9 9 1 0 1 2
9 1 0 1 2 1 1 1335 32 31 27 28
( 6 )
Normal a d s . plasm a 9 9 9 10 12 i o
Case 1 . a d s . plasma   12 11 1 3  -i-i
Haem. a d s . plasma  32 31 27 28 26
S ee f ig u r e  Ka
F ig u re  (17)
F i g u r e  ( 1 7 )
T h r o m b o p la s t in  g e n e r a t i o n  t e s t  i n ,C h r i s t m a s
d i s e a s e .  (C a se  ( 1 ) .
O rdinate -  p ercen ta g e  b lood  th r o m b o p la s tin .
A b sc is sa  -  in c u b a tio n  tim e in  m in u tes a f t e r  
a d d it io n  o f  ca lc iu m .
Normal adsorbed plasm a and p l a t e l e t s  c o n s ta n t .
Normal serum • -------•
Case (1 )  serum 0-------0
H aem ophilic serum X X
(R e s u lt s  o f  experim ent s im i la r  to  th a t  d e sc r ib e d  
in  th e  t e x t ) .
% Thromboplastin
140*
120-
1 0 0 -
80-
60-
40-
20-
2 3 4 5 6 7 8
Time in minutes
F ig u re  (16)
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T h r o m b o p la s t in  g e n e r a t i o n  t e s t  i n  C h r is tm a s
d i s e a s e .  C ase ( 2 ) .
O rdinate -  p ercen ta g e  b lo o d  th ro m b o p la s tin . 
A b sc is sa  -  in c u b a tio n  tim e i n  m in u tes a f t e r  
a d d it io n  o f  ca lc iu m .
Normal adsorbed  plasm a and p l a t e l e t s  c o n s ta n t .
Normal serum • -------•
C ase(2 ) serum 0 -------0
°/0Th ro m bop la st i n
140-
1 0 0
60-
2 0 -
2 3 4
Time in minutes
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D e fe c t iv e  serum r e a c t io n  in  th e s e  p a t i e n t s .
Normal ads plasm a
Normal p l a t e l e t s  
C onstant (1 ) (2 ) (3 ) (4 ) (5 ) (6 )
Normal serum 
Case 1 . serum  
Haem. serum
10
30
10
10
28
9
9
24
9
10
20
9
10
22
10
10
22
10
See f ig u r e  H
Case 2 . normal and h aem op h iliac .
Normal serum 
Normal p l a t e l e t s  
C onstant
(1 ) (2 ) (3 ) (4 ) (5 ) (6 )
Normal ads plasm a  
Case 2 . ads plasm a  
Haem. ads plasm a
8
9
40
8
9
35
9
9
36
9
10
33
10
10
34
9
10
29
Normal ads plasm a  
Normal p l a t e l e t s  
C onstant
(1 ) (2 ) (3 ) (4 ) (5 ) (6 )
Normal serum 
Case 2 . serum  
Haem. serum
10
46
11
10
35
9
9 10  
32 29 
9 9 
See f ig u r e  / 8
10
29
9
11
30
10
Case 1 .  ) Serum
Case 2 . ) 50$ o f  each 39 32 33 31 29 26
P la t e le t  fu n c t io n  ■- Comparison o f p l a t e l e t s •
Normal ads plasma 
Normal serum 
C onstant
(1 ) (2 ) (3 ) (4 ) (5 ) (6)
Normal p l a t e l e t s  
Case 2 . p l a t e l e t s
13
14
10
11
10
11
11
10
10
10
9
10
C on clu sion s *
The s i t e  o f th e  th ro m b o p la stin  d e fe c t  in  th e se  p a t ie n t s  
i s  in  th e  serum. The adsorbed plasm a from th e  p a t ie n t s  
behaves norm ally as a source o f  A.H.G. and fa c to r  V. The 
p l a t e l e t s  are normal in  t h e ir  a b i l i t y  t o  form b lo o d  thrombo­
p l a s t i n .
The a b i l i t y  o f  the adsorbed plasm a from th e se  p a t ie n t s  to  
c o r r e c t  th e  th rom b op lastin  d e fe c t  in  adsorbed h a em o p h ilic  
p lasm a.
1 c c .  o f  p lasm a. 0 .1  a lum ina. 2 m in s.
Normal 60n ) o n e -s ta g e  c lo t t i n g
Case 1 .  82n ) tim es o f  adsorbed
Case 2 .  95n ) p la sm as.
1 i  |1 ! 2 3 4 6 8
1
i
jNormal ! 37 10 12 12 13 13
[Haemophiliac
I
! 5 4 40 32 19 18 18
[Normal ) 50%  
iHaem. ) ! 19 1$ 1 11 13 11 11 12
Case 2 )_ n<£ 
Haem. )50^ | 23 !i i
12 13 13 13 13
Case l ) 50<g 
Haem. )
* : 
1 31 l 12 12 13 12 12
i 1
A d s. plasm a 1 /5
H aem ophilic p l a t e l e t s  
Normal serum 1 /1 0
m/40 CaClg
F ig u re  (19)
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F ig u re  (1 9 )
Throm boplastin  g e n e ra t io n  t e s t  i n  Qhristmas
d i s e a s e .  C ase ( 1 ) .
O rdinate -  p ercen ta g e  b lood  th r o m b o p la s tin .
A b sc is sa  -  in c u b a tio n  tim e in  m in u tes a f t e r  
a d d it io n  o f  ca lc iu m .
T h is f ig u r e  shows th e  a b i l i t y  o f  adsorbed  plasm a  
from Case (1 )  to  c o r r e c t  th e  th ro m b o p la stin  d e f e c t  in  
adsorbed h aem op h ilic  p lasm a.
Normal serum and p l a t e l e t s  c o n s ta n t .
Adsorbed plasm a v a r ia b le .
• ------#  50% Haem. 50% Nor.
0------0 50% Haem. 50% Case (1 )
X------X Haem.
°/0Throm boplastin
80-
60-
40-
1 2  3 4  5 6 7 8
Time in minutes.
Figure  (20)
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Throm boplastin  g e n e ra t io n  t e s t  in  Christmas
d i s e a s e  C ase ( 2 ) .
O rdinate -  p ercen ta g e  b lo o d  th r o m b o p la s tin .
A b sc is sa  -  in c u b a tio n  tim e in  m in u te s .
T h is f ig u r e  shows th e  a b i l i t y  o f  adsorbed plasm a
from Case (2 )  to  c o r r e c t  th e  th ro m b o p la stin  d e f e c t  in
adsorbed h aem op h ilic  p lasm a.
Normal serum and p l a t e l e t s  c o n s ta n t .
Adsorbed plasm a v a r ia b le .
9 ------ § Norm al.
X X 50% Haem. 50% Nor.
0-^— 0 50% Haem. 50% Case (2 )
#------ # laem .
140- °/0thromboplastin
1 2 0
1 0 0
80
60-
40-
2 0 -
2 3 4
time in minutes
5 6
f  2  7. ~
C o n c lu s io n :  The a d s o r b e d  p lasma from t h e s e  p a t i e n t s  i s
a s  good a s  t h e  norm al  i n  c o r r e c t i n g  t h e  h a e m o p h i l i c
d e f e c t  -  s e e  f i g u r e s  19 and 2 0 .
The a c t io n  o f serum from th e s e  p a t ie n t s  as a sou rce  o f serum  
fa c to r s  in  th rom b op lastin  g e n e r a t io n , in  com parison  
w ith  d i lu t io n s  o f  normal serum.
1 2 3 4 6 8
Normal serum 28 9 10 10 12 13
Case 1 serum 35 27 33 29 25 28
Case 2 serum 39 28 27 28 28 29
H aem ophilic
serum
34 10 8 11 11 10
Case 1 )50$  o f  
Case 2) each
50 38 27 26 27 28
Normal serum  
50$ (from  
1 /1 0  =100%
30 12 9 10 12 12
Normal serum 
25$
37 19 10 12 14 16
Normal serum 
12 • 5$ 44 30 19 17 21 25
Normal serum  
6 .2 5 $ 49 46 33 29 29 31
/
Normal alum ina plasma 1 /5 )
Normal p l a t e l e t s  ) co n sta n t
m / 4 0  CaClg )
Serum (v a r ia b le )  1 /1 0 .
Comments: The serum from th e s e  p a t ie n ts  has o n ly  a
sm all p ercen tage  o f th e  a c t i v i t y  o f  normal serum  
in  form ing th ro m b o p la stin .
Figure (21)
Throm boplastin  g e n e ra t io n  techn ique in  .Christmas
d ise ase  Case (S.).
O rdinate -  p ercen ta g e  b lood  th r o m b o p la stin .
A b sc is sa - -  in c u b a tio n  tim e in  m in u te s .
T h is f ig u r e  shows the p ro p er ty  o f  normal serum to  
c o r r e c t  th e  a b n o rm a lity . S in ce  plasm a i s  u sed  from  
which prothrom bin has n ot been  removed th e  answer i s  
com p lica ted  by th e  p resen ce  o f  throm bin.
Normal p l a t e l e t s  c o n s ta n t .
t — t  Normal plasm a; normal serum .
O'—  -0  Case (2 )  plasm a; normal serum .
• -------•  Case (2 )  plasm a; Case (2 )  serum.
%Thromboplast in
1 4 0
1 2 0 -
IOO-
80-
60-
40-
2 0 -
2 3 4 5 6 7 8
Time in minutes
Figure  ( 2 2 )
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C o r r e c t io n  o i  d e t e c t i v e  p ro th ro m b in  consu m ptio n  
o f  C h r is tm a s  ..d isea se  by no rm al and h a e m o p h i l ic  plasm a . 
O rdinate -  c l o t t i n g  t im es  o f  f ib r in o g e n  in  seco n d s. 
Abscis-sa- -  in c u b a tio n  tim e in  m in u te s .
# ------ ♦ Case (2 )
X—— X Case ( 2 ) +  norm al.
IO-
2 0 -
30-
40-
50-
60-
70-
IO 20 30 40 50 60
Incubation time in mm.
F ig u re  (
F i g u r e  ( 2 3 )
C o r r e c t i o n  o f  d e f e c t i v e  p r o th r o m b in  c o n su m p t io n
o f  h a e m o p h i l ia  b y  n o rm a l and C h r is tm a s  d i s e a s e  p la s m a .
O rdinate — c l o t t i n g  tim es  o f  f ib r in o g e n  in  seco n d s . 
A b sc is sa  -  in c u b a tio n  tim e in  m in u tes .
#— t  H a em o p h ilia c .
0-------0 Eaem.+ Case (2 )  .
X"- ""-X Haem. -j- Norm al.
IO 20 3 0  40 50 60
Incubation time in minutes
I Z c1 -
The p rop erty  o f  normal serum to  c o r r e c t  th e  a b n o rm a lity .
S in ce  plasm a i s  used  from which th e  prothrom bin has
not been  removed the answer i s  co m p lica ted  by th e  p r e sen ce
o f  throm bin.
(1 ) (2 ) (3 )  (4 ) (5 )  (6 )
Normal plasm a l / 5  )
Normal p l a t e l e t s   ^ 8 8 8 8 8 9
Normal serum l / l O  )
CaClg )
Case 2 .  plasm a 1 /5  )
Normal p l a t e l e t s  ) 46 35 32 29 25 18
Case 2 . serum 1 /1 0  )
CaClg )
Case 2 . plasm a l / 5  )
Normal p l a t e l e t s  ) 11 8 8 9 10 11
Normal serum l / lO  )
CaClg )
See f ig u r e  Z l
G amment.
Normal serum c o r r e c ts  th e  d e f e c t .
S tu d ie s  on prothrom bin consum ption .
(a ) C o rrectio n  o f  th e  prothrom bin consum ption o f  Case 2
by normal and h aem oph ilic  p lasm a.
(b) C o rrec tio n  o f  the prothrom bin consum ption o f
h aem oph ilic  plasma by normal and Case 2 p lasm a.
F ig u re s  2 2 . and 2 3
Comment.
In  the p reced in g  pages th e  d i f f e r e n c e s  betw een th e s e  
two d is e a s e s  has been  dem onstrated  u s in g  th e  th ro m b o p la stin
F i g u r e  (24)
i rv-T e (°4)
P r o t h r o m b i n  c o n s u m p t i o n  i n  C i r r i  s t m a s  ' d i s e a s e  ( C a s e  3 )  
O rdinate -  p ercen ta g e  prothrom bin .
A b sc is sa  -  in c u b a tio n  tim e in  m in u tes.
•  Case ( 3 ) .
0-------0 L im its  o f  norm al.
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Figure  (26)
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Throm bin g e n e ra .! io n  from  whole b lo o d  i l l  C h r is tm a s  
d is e a s e .  Case ( 3 ) .
O rdinate -  throm bin u n i t s .
A b sc is sa  -  tim e in  m in u te s .
♦ throm bin g e n e r a t io n  from normal b lo o d .
0— 0 throm bin g e n e r a t io n  from C hristm as d is e a s e  blood.
Thrombin units
1 0 -
Time in minutes
/ .30-
g e n e r a tio n  te c h n iq u e . S in ce  t h i s  method of* in v e s t ig a t io n  
i s  r e l a t iv e l y  new i t  was th ou ght n e c e ssa r y  to  confirm  the  
mutual c o r r e c t io n  o f  th ese  d e f e c t s  by o ld e r  and more a c ce p ted  
m ethods. By stu d y in g  the prothrom bin consum ption o f  r e ­
c a l c i f i e d  plasm a i t  was p o s s ib le  to  show th a t  th e  normal 
and haem op h ilic  plasma c o r r e c te d  th e  prothrom bin consum ption  
o f  Case 2 p lasm a. S im ila r ly  sm all a d d it io n s  o f  plasm a from  
Case 2 c o r r e c te d  the prothrom bin consum ption o f  h aem op h ilic  
plasma as e f f i c i e n t l y  as d id  normal p lasm a.
Some o f  th e s e  o b ser v a tio n s  on th e se  p a t ie n t s  were c le a r ly  
o f  such  fundam ental im portance th a t  th e y  r eq u ire d  to  be r e ­
p e a te d . Some o f  th ese  d u p lic a te  o b se r v a tio n s  are record ed  
in  the appendix (pages 6 (<] -  C>5(o ) .
Case 3 . L .S . (aged 1 4 ) .  Numerous b le e d in g  e p iso d e s  i n ­
c lu d in g  haem arthroses d a tin g  from the age o f  8 m onths. These  
haem orrhagic in c id e n ts  were r ep o r ted  to  respond w e l l  to  
t r a n s fu s io n .
C lo t t in g  tim e (Lee & W hite) (Method 1) 14 -16  m in u te s .
Prothrom bin Consumption (Merskey in d ex ) 100/£; a l s o  
by method o f  D ouglas & B ig g s (1953) was d e f e c t i v e ,  
F igu re 24 .
O ne-stage "prothrom bin” tim e -  1 5 ” (norm al 1 5 ” )
Thrombin g e n e r a tio n  -  d e la y ed  form ation  o f  throm bin -  
see  F igure Z S  .
F i g u r e  ( 2 6 )
/
F am ily  t r e e  o f  C l i r i s tm as  d i s e a s e  -  c a s e  (o)  . L . S .
Fem ales r e p r e se n te d  0
U n a ffe c te d  m ales r e p r e se n te d  Q
A ffe c te d  m ales r e p r e se n te d  Jg
Sex unknown r e p r e s e n te d ^  -  th e s e  members o f  the  
fa m ily  had n ot been  tr a c e d  and though i t  was known th a t  
th e r e  were th e  s ib l i n g s  as shown th e r e  was no in fo rm a tio n  
as to  w hether th e y  were sons or d a u g h ters .
Case I I I i o  i s  t h i s  p a t i e n t .
Case I I I 1 8  i s  a male aged 6 y e a r s  w ith  numerous 
haem orrhagic e p is o d e s ,  in v e s t ig a t e d  by D r. Merskey in  
Cape Town and found a ls o  to  have C hristm as d i s e a s e .
C a s e
f3t~
The fa m ily  h is to r y  o f  t h i s  case i s  shown in  F ig .-2 & .
T h is i s  o f  co n sid era b le  in t e r e s t  in  th a t  i t  i l l u s t r a t e s  q u ite  
c le a r ly  th a t  th e  in h e r ita n c e  i s  th a t  o f  a s e x - l in k e d  r e c e s s iv e  
c h a ra cter  a s in  h a em o p h ilia . Case H l^ o  i s  t h i s  p a t i e n t .
Case IH ^ g  was a mal e aged. 6 w ith  numerous haem orrhagic e p i ­
so d e s . T h is l a t t e r  ca se  i s  in  South  A fr ic a  and was i n v e s t i ­
g a te d  by D r. Merskey in  Cape Town and found t o  have th e  same 
d is e a s e .  (B ig g s e t  a l  1 9 5 2 ) .
Case 4 . A.W. T h is ca se  was s tu d ie d  by Dr ♦ J . 0 ’B r ie n  
in  Plymouth who observed  th a t  the b lo o d  o f  h is  c a se  was a b le  
to  c o r r e c t  th e  r e c a l c i f i c a t i o n  tim e o f  b lo o d  from o th er  
h a e m o p h ilia cs . The p a t ie n t  was an a d u lt  male who gave a 
h is to r y  o f  numerous haem orrhagic in c id e n t s .  The fa m ily  
h is to r y  was n e g a t iv e . On h is  m ost r ec en t ad m ission  he had 
two t e e t h  removed w ith  a s s o c ia te d  se v er e  haem orrhage. Plasma 
and serum from h is  p a t ie n t  were examined in  O xford. (See  
appendix page (oo^ ) .
C lo t t in g  time (Lee & W h ite) (Method 1) 28*-45*
Prothrom bin Consumption (Merskey in d ex ) 160%
Case 5 . J .E . T h is  was a male aged 2 1 . He gave a 
h is to r y  o f  p ro lon ged  b le e d in g  fo llo w in g  to o th  e x tr a c t io n s  
on fou r  o c ca s io n s  and on one req u ired  a tr a n s fu s io n  o f  fou r  
p in t s  o f  b lo o d . At th e  age o f  16 he had haem aturia fo r
F igu re (27)
pare  (27 )
Fam ily  t r e e  o f  C h r i s tm a s  d i s e a s e  
F em a les 'r ep re se n te d  0  
U n a ffe c te d  m ales r e p r e se n te d ^ ]  
A ffe c te d  m ales r e p r e se n te d  .
-  Case (b)  J . E .
Qj<5 
□ j < 5 n
k t t 1
C a s e  5
" T 0
J.E
i□ ii
i ll
IV
th ree  weeks and a t  17 he had a haematoma or th e  b u tto c k  w hich  
was drained  and took 4 weeks to  h e a l .  There was a younger  
b ro th er  aged who b le d  fo r  th r ee  weeks from a cu t l i p  
and th e  m aternal g r e a t  gra n d fa th er  d ied  o f  haem orrhage. (,^ C c j Z  J 
T h is p a t ie n t  had a r e l a t iv e l y  m ild  haem orrhagic d ia t h e s i s  
and the la b o r a to r y  f in d in g s  were much l e s s  abnormal than in  
the o th er  fou r  c a s e s .  A tte n t io n  was d ir e c te d  t o  th i3  case  
by the a b i l i t y  o f  the plasm a to  c o r r e c t  th e  ca lc iu m  c l o t t i n g  
tim e o f  another h aem op h iliac .
Whole b lo o d  c lo t t in g  tim e (Lee & W h ite ) 7 -1 0  m in u te s .
Prothrom bin Consumption Index (M erskey) 20%
O ne-stage prothrom bin tim e 1 5 n
Some o f  th e  r e s u l t s  on th e se  p a t ie n t s  are  summarised in  
the fo llo w in g  T a b le .
TABLE /
Case 1 Case 2 Case 3 Case 4 Case 5 Normal
C lo t t in g  Time (Lee 
& White method (1 ) ) 39-72 10-15 14-16 28**45 7 -1 0 5-10
Prothrom bin Consumption 
Index (Merskey %) 150 100 100 160 20 40
Q u ick 's  t e s t  (o n e -sta g e  
” prothrombin" t  im e) 15 16 15 19 15 15
B leed in g  tim e
T ourniquet t e s t  A ll  N ega tive
P la t e le t  count
I n v e s t ig a t io n  o f th e se  c a se s  by the Calcium c lo tt in g ;  t im e .
In  T able Z  i s  shown th e  a b i l i t y  o f  th e  plasm a o f  th e se  
p a t ie n t s  t o  c o r r e c t  th e  ca lciu m  c lo t t i n g  tim e o f  h aem op h ilic  
plasm a.
In  T able 3 i s  g iv e n  the ca lciu m  c lo t t i n g  tim e o f  th e se  
e a se s  and i t s  f a i lu r e  to  be c o r r e c te d  by a lu m in a -tr e a te d  
plasma^which i s  a b le  to  c o r r e c t  the d e fe c t  in  h a em o p h ilia .
In  T able 4- the f a i lu r e  o f  a l l  th e s e  c a s e s  to  c o r r e c t  
each o th er  i s  dem onstrated .
Type o f  plasm a added to  
h aem oph ilic  p lasm a.
Normal plasm a  
Case 1 
Case 2 
Case 3 
Case 4 
Case 5
TABLE 2  
D ilu t io n  o f  plasm a added to
1 /2 1 /1 0 l / 5 0 l/lO O 0
150 130 150 339 450
240 - - - 555
165 165 195 - 450
- 177 - 329 895
115 120 - 315 600
140 175 220 240 780
( R e c a lc i f ic a t io n  tim es in  seco n d s)
/3 4 -
TABLE 3
Case 1
0
900
4 1 /2  
Alumina 
plasm a  
805
+ 1 /1 0
H aem ophilic
plasm a
1 /1 0
Norma]
plasm*
285
Case 2 455 - - 150
Case 5 345 315 170 190
Case 4 390 340 150 175
Case 5 250 175
H aem ophilic (1 ) 565 225 180
H aem ophilic (2 ) 385 160
H aem ophilic (3 ) 250 159 159
H aem ophilic (4 ) 895 188
Normal 145 265
( R e c a lc i f ic a t io n  tim es in  seco n d s)
Case
Case
Case
TABLE ^
C ross over experim ent u s in g  calcium  c l o t t i n g  t im e s  to  check  
th a t  a l l  f i v e  c a se s  have the same d i s e a s e .
Case 5 checked a g a in s t  Case 4 .
Case 1 checked a g a in s t  Case 2 .
Case 1 , 3 and 4 checked a g a in s t  each  o th e r .
Case 5 w ith  Case 4 .
1 1 / 2  + 1 /1 0  + 1 /5 0  + 1 /1 0 0
Case 5 Case 5 Case 5 Case 5 0
Case 4 270 310 335 350 360
Case X w ith  Case 2 .
Case 1 15 1
Case 2 7 i f
50$  Case 1 50$ Case 2 9*
10$  Case 1 90$ Case 2 9 f  *
90$ Case 1 10$  Case 2 9-f1
Cases 1 w ith  3 and w ith  4 .
1/10 1/10 1/10 1/10 1/100 1/100 l/lOO 1/100
S a lin e  Case 5 Case 4 Case 1 Normal Case 5 Case 4 Case 1 Normal
5 310 - 313 345 205 -  335 380 325
L 840 530 400 -  205 640 584 - 210
I  400 300 -  440 175 350 -  400 240
(R e c a lc i f ic a t io n  tim es in  seco n d s)
Other r e s u l t s  on Cases 3 , 4 and 5 are g iv e n  in  th e  
appendix (pages
E f f e c t  o f  v a r io u s d e r iv a t iv e s  o f  plasm a on the ca lc iu m  
c lo t t in g  tim es o f  ca se  1 .
These are shown in  Table 6  •
T able  5.
Substance added to  
h aem oph ilic  or
Substance added 
to  plasm a o f  Case 
1 in  co n cen tra -  
t i o n : -
S u bstance added t o  
th e  plasm a o f  a 
h aem op h ilic  in  
c o n c e n tr a t io n : -
1 10$ 2$ 0
" T  1 ' - --  "
10$ 2$ 0
Normal Plasma i< 105 130 210 ■j! 120 150 450
F ib rin o g en  j 230 240 237 ! 150 195 450
1
Plasma h ea ted  to  ! 
56° C. 10 m in. j 180 190 215 ; 2 0 0 240 : 450
Plasma s to r e d  2 weeks | 140 175 217 ! 130 155 450
S e i t z - f i l t e r e d  plasma j 230 250 225 100 115 450
H aem ophilic serum 120 150 210 430 475
:
450
Normal serum 90 100 230 ; 190
I
265
* 450
Crude p  g lo b u lin  
sample I
i
125 200 200 | 225
!
405 435
Crude p  g lo b u lin  
sample I I
I
120 135 200 420 375 435
1
Albumin j 165
1 210 200 450 520 450
^  g lo b u lin  ) 200 210 200 455 4420 455
0 -2 5 $  S a t .  (NH4 )gS04 1 
from normal plasm a 240 255 ! 220
l C orrepts H aem ophilic
2 5 -3 3 $  f r a c t io n  
3 3 -5 0 $  f r a c t io n
225
125
215
180
j  205
; 2 1 5
Does h ot c o r r e c t  
H aem op h ilic . 
Does n o t c o r r e c t  
H aem ophilic’.
The m iss in g  c o a g u la tio n  component in  C hristm as d is e a s e  
has been c a l le d  th e  Christm as f a c t o r .  Some o f  th e
p r o p e r tie s  o f  t h i s  can be a p p re c ia te d  from th e  above  
t a b le .  (B iggs et a l  1 9 5 2 ).
The Christm as fa c t o r  i s  adsorbed by alum inium  hyd roxid e  
and by S e i t z  f i l t r a t i o n .  I t  is not p resen t in  th e  0 to
33 per c e n t , sa tu ra te d  ammonium su lp h a te  f r a c t io n  o f  normal 
plasm a, but i s  p resen t in  th e  33 to  50 p e r  cen t f r a c t io n ,  
and i s  p resen t in  th e  serum as w e ll  as in  th e  plasm a. T his  
c lo t t in g  f a c t o r  was h eat l a b i l e ,  r e l a t iv e l y  s t a b le  on 
sto r a g e  in  th e  r e f r ig e r a t o r ,  and was co n ta in ed  In a crude  
e th e r  f r a c t io n  p r e c ip ita te d  from plasma in  a s s o c ia t io n  
w ith  alpha and b eta  g lo b u lin s ;  i t  was not p resen t in  th e  
e th e r  fr a c t io n  p r e c ip ita te d  from th e  plasma in  a s s o c ia t io n  
w ith  f ib r in o g e n .
W hite, A g g e ler  and Emery (1953) s tu d ie d  th e  C hristm as 
f a c to r  con ten t o f  f r a c t io n s  o f plasma o b ta in ed  by Cohn’ s 
m ethods. They d isco v e re d  th a t th e  Christm as f a c t o r  con ten t
was con cen tra ted  in  f r a c t io n s  I I I  and IV ^. L i t t l e  a c t i v i t y  
was found in  f r a c t io n s  I and IV^. None was found in  f r a c t io n s  
I I  or V. S in ce  f r a c t io n  I I I  co n ta in ed  throm bin and f r a c t io n
IV^ was p o o r ly  s o lu b le ,  n e i th e r  was s u ita b le  fo r  in tra v en o u s  
u s e , in  a h ig h ly  con cen tra ted  form. Pronounced sh o rte n in g  
o f  th e  whole b lood  c o a g u la tio n  tim e and a d ec id ed  red u ctio n  in  
th e  r e s id u a l serum prothrom bin fo llo w ed  th e  in tra v en o u s  
a d m in is tr a tio n  o f whole fa c to n  IV. (W hite e t a l  1 9 5 5 ) .
Figure (28)
C hristm as d i s e a s e .  Case ( 2 ) .
O rdinate -  p ercen ta g e  b lood  th r o m b o p la stin . 
A b sc is sa  -  in c u b a tio n  tim e in .m in u te s  a f t e r  
a d d it io n  o f  ca lc iu m .
Normal adsorbed plasm a and p l a t e l e t s  c o n sta n t
• ------ "• normal serum.
O— o serum from mother o f  Case ( 2 ) .
%Thromboplastin
I2CH
IOOH
80H
60H
4CH
20H
2 3 4 5 6 7 8
Time in minutes
Comparison o f  some o f  th e  fe a tu r e s  o f  a n tih a em o p h ilic  
g lo b u lin  and th e  Christm as f a c t o r .
In Table (=> some o f  th e  fe a tu r e s  o f th e  Christm as fa c to r  
are compared w ith  th ose  o f a n tih aem op h ilic  g lo b u lin .
The p r o p e r tie s  o f  Christm as F actor and A n tih aem op h ilic  G lo b u lin
Table  6.
Method o f  
D if f e r e n t ia t io n Christm as F actor
Ant ih aem op h ili c 
G lo b u lin
Ammonium su lp h ate  
f  r  ac t  i  onat i  o n .
P r e c ip ita te d  from 
normal plasma by 
3 3-50$  s a tu r a t io n .
P r e c ip ita te d  from  
normal plasm a by  
25$ s a tu r a t io n .
Ether f r a c t io n a ­
t i o n .
;
!
P r e c ip ita te d  from  
normal plasma in  
the crude f t  g lo b u ­
l i n  f r a c t io n .
P r e c ip ita te d  from  
normal plasm a In  th e  
f ib r in o g e n  f r a c t io n .
T est fo r  presen ce  
i n  normal serum.
P resen t in  la rg e  
am ounts.
Alm ost a b s e n t .
T e st  fo r  presen ce  
in  haem ophilic  
jserum.
P resen t in  la rg e  
am ounts.
A b sen t.
S t a b i l i t y  to  h e a t . D estroyed  by h e a t­
in g  to  56° C. fo r  
10 m in.
When i s o la t e d  from  
plasma r e s i s t s  h e a t ­
in g  to  56° C. fo r  
10 m in.
S t a b i l i t y  on s to r a g e . S t a b le . O ften u n s ta b le .
E f f e c t  o f  S e i t z  
f i l t r a t i o n .
Adheres to  th e  
f i l t e r .
I s  u n a ffe c te d .
E f f e c t  o f  adsorb- 
t io n  w ith  Al(OH)g
Very r e a d ily  ad­
sorbed
Not adsorbed .
I n h e r ita n c e .
Cases 3 and 5 had p o s i t iv e  fa m ily  h i s t o r i e s .  The 
a v a ila b le  fa m ily  trees were not e x te n s iv e , but so  fa r  as th ey
ex ten d ed  the in h e r ita n c e  f i t t e d  a sex  l in k e d  r e c e s s iv e  p a t ­
t e r n .  T h is has su b seq u en tly  been  confirm ed by th e  i n v e s t ­
ig a t io n s  o f  o th er  c a se s ;  th e  e x te n s iv e  fa m ily  r ep o r ted  by 
M acM illan and Brown (19-53) i s  a good example o f  the p a t te r n  
o f  in h e r ita n c e . The c o n d it io n  resem bles haem op h ilia  even  
in  th e  m atter  o f  in h e r ita n c e .
A ssessm ent o f  the m aternal c lo t t in g  m echanism.
As in  haem ophilia  i t  would be v a lu a b le  to  be a b le  to  
d e te c t  th e  tr a n sm itte r s  o f t h i s  c o n d it io n . In  1952 in  
O xford, th e r e fo r e , in v e s t ig a t io n s  were made on the m others 
o f  C ases 1 ,  2 and 3 . Only in  the mother o f  Case 2 was any 
ab n orm ality  d e te c te d  ( f ig u r e  <2$ ) and t h is  was accom panied  
by s l i g h t l y  abnormal prothrom bin consum ption. (46$  Merskey 
Index) In  the appendix (page 6=37 ) are d escr ib ed  th e  r e ­
s u l t s  o f  l a t e r  assessm en t o f the mothers o f  other p a t ie n t s  
w ith  Christm as d is e a se  and o f t h e ir  d au gh ters . No c o n c lu s ­
iv e  d if fe r e n c e  from the normal was dem onstrated in  t h e s e .
Other o a ses rep orted  in  th e  l i t e r a t u r e .
The developm ent o f  our understanding o f  b lood  thrombo­
p l a s t i n  form ation  enabled  t h i s  study and the c le a r  d i f f e r e n ­
t i a t i o n  o f  th ese  two d is o r d e r s . P rior  to  t h i s  in v e s t ig a t io n  
i t  had been su sp ected  th a t  haem ophilia  was n ot sim ply one 
d is e a s e .  P avlovsky (1947) f i r s t  observed th a t the c lo t t in g
tim e o f  m ixtu res o f  the b lo o d  o f  two patients^  who were 
thought t o  s u f f e r  from haem oph ilia  was sh o r te r  than the  
c lo t t in g  tim e o f  e i t h e r  specim en a lon e*  He tr a n sfu se d  
100 m l. o f  b lood  from one o f  th e se  p a t ie n t s  in to  th e  o th er  
and observed  th a t  t h i s  had the same c o r r e c t iv e  a b i l i t y  a s  
the a d m in is tr a t io n  o f  the same q u a n tity  o f  normal b lo o d .
The a n tih a em o p h ilic  g lo b u lin  a c t i v i t y  o f f r a c t io n s  o f  b lo o d  
from some o f  h is  p a t ie n t s  was alm ost equal to  th a t  from normal 
p lasm a .
K o lle r  e t  a l  (1950) rep o rted  on a h a e m o p h ilia - lik e  
d is e a s e  which th ey  c a l le d  "Moena ab n orm alityrt ( a f t e r  the  
fa m ily  name o f  th e ir  p a t i e n t s ) .  The w h o le -b lood  c lo t t in g  
tim e was s l i g h t l y  prolonged  and the prothrom bin consum ption  
m arkedly d e f e c t iv e .  B lood from th ese  p a t ie n t s  c o r r e c te d  
the whole b lood  c o a g u la t io n  tim e and prothrom bin consum ption  
o f  o th er  h aem oph ilic  p a t ie n t s .
A gge ler  e t  a l  and White e t  a l  made an im portant and 
e a r ly  c o n tr ib u t io n  to  the su b je c t . T h eir  s tu d ie s  were con­
cu rren t and independent to  th ose  rep orted  by us in  1952 .
T h eir  p a t ie n t  had a prolonged  whole b lood  c o a g u la tio n  tim e  
and th e  prothrom bin consum ption was im paired, d e s p ite  th e  
p resen ce  o f  normal q u a n t it ie s  o f a l l  p r e v io u s ly  d e sc r ib e d  
c o a g u la tio n  e n t i t i e s  in  th e  b lo o d . The plasma had a normal 
o n e -s ta g e  c lo t t in g  tim e and was co rrec ted  by p l a t e l e t  fr e e
h aem op h ilic  p lasm a. They conclu ded  th a t  th e  plasm a from  
th e ir  p a t ie n t  la ck ed  a component n e c essa ry  fo r  b lo o d  thrombo­
p l a s t i n  fo rm a tio n , and th ey  c a l le d  t h i s  plasma th ro m b o p la stin  
component (P .T .C .) .  They dem onstrated  th e  fo l lo w in g  f e a tu r e s  
o f  P .T .C . :-
(1 ) I t  can be adsorbed by barium su lp h a te  and su b se ­
q u en tly  e lu te d  w ith  sodium c i t r a t e .
(2 ) I t  i s  p r e se n t in  th e  40 to  50 p er  cen t sa tu r a te d
(NH^JgSO^ f r a c t io n  o f  normal plasm a and i s  not  
p r e sen t in  the 0 to  33 per cen t sa tu r a te d  f r a c ­
t io n  w hich c o n ta in s  th e  A.H.G-.
(3 )  P .T .C . i s  p r e se n t  in  serum as w e ll  as in  p lasm a.
(4 ) P .T .C . i s  p r e se n t in  normal q u a n t i t ie s  in  th e
plasm a in  c l a s s i c a l  h aem op h ilia .
(5 ) P .T .C . i s  not p r e sen t in  f r a c t io n  I o f  Cohn, w hich
c o n ta in s  the A.H.G. and f ib r in o g e n , and i s  ob­
ta in e d  by e th e r  p r e c ip i t a t io n  a t  low tem p era tu res .
F u rth er  r e p o r ts  have appeared o f c a se s  having f e a tu r e s  sim ­
i l a r  to  th o se  rep o rted  by us and A ggeler  and h is  c o lle a g u e s  
in  1 9 52 . (Schulman and Sm ith (1 9 5 2 ) , R o sen th a l, D resk in  
and R osen th a l (1 9 5 3 ), Lewis and Ferguson (1 9 5 3 ), Van C reveld  
and P a u lssen  (1 9 5 3 ), S ou lier  and L arrieu  (1953 ) Cramer
e t  a l  (1 9 5 3 ) , Beaumont e t  a l  (1 9 5 3 ), MacM illan and Brown 
(1 9 5 3 ) .
Problems o f  ter m in o lo g y .
I t  i s  u n fo r tu n a te ly  tru e  th a t d if fe r e n c e s  o f  o p in io n  
con cern in g  nom enclature have caused co n fu sio n . U n t il  1952
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h aem op h ilia  was thought to  be a s in g le  c l i n i c a l  and p a th ­
o lo g ic a l  e n t i t y .  A g g e ler  and h is  co-w orkers (1952) in  
t h e ir  o r ig in a l  p u b lic a t io n  used th e  term P .T .C . d e f i c i e n c y .  
S u b seq u en tly  th e y  r e fe r r e d  to  the c o n d it io n  as d e u te r o -  
h a em o p h ilia . We have used the term  C hristm as d is e a s e  
a p p ly in g  the name a f t e r  one o f  the f i r s t  two p a t ie n t s  s e e n .  
The naming o f  c l i n i c a l  d iso r d e r s  a f t e r  p a t ie n t s  was in t r o ­
duced by S ir  Jonathan H utch ison . I t  has been  common p r a c ­
t i c e  r e c e n t ly  in  red  c e l l  s e r o lo g y  and has a l s o  been  fo llo w e d  
by o th er  workers in  t h i s  f i e l d  ( e .g .  Moena anomaly o f  K o lle r  
e t  a l  1950 , Hageman fa c to r  o f  R atn o ff and Calopy 1 9 5 5 ) .
I t  has the advantage th a t  no h y p o th e t ic a l im p lic a t io n  i s  
a tta c h e d  to  such a name. Graham and Brdnkhous (1953) have 
su g g es ted  th a t  th e  term haem ophilia  should  be r e ta in e d  fo r  
what i s  s t i l l  the m ost common abnorm ality  -  d e f ic ie n c y  o f
A.H .G . and th a t  o ther a l l i e d  c o n d it io n s  sh ou ld  be c a l le d  
h a em o p h ilio id  s t a t e s ;  Christinas d is e a s e  was c a l le d  haemo- 
p h i l i o i d - s t a t e  C. Sw iss and French workers have used th e  
terms haem ophilia  A fo r  A.H.G. d e f ic ie n c y  and h aem op h ilia  B 
fo r  C hristm as d is e a se  (S o u lie r  and L arrien  1953 , Cramer e t  
a l  1 9 5 3 ) . Weiner (1953) su g g ested  haem ophilia  I  and I I .  
K o lle r  (1954) has extended h is  num erical numbering system  and 
c a l l s  A.H.G. d e f ic ie n c y  ( fa c to r  V III d e f ic ie n c y )  and C hristm as 
fa c to r  d e f ic ie n c y  as f a c to r  IX d e f ic ie n c y . S eegers (1954)
has c a l l e d  Christm as d is e a s e  p l a t e l e t  c o - fa c to r  2 d e f ic ie n c y  
and F a n tl and Sawers (1954) r e fe r  to  i t  as /3 -prothrom bo­
p la s t in  d e f ic ie n c y .
The names fo r  Christm as d is e a s e  can th e r e fo r e  be enum­
e r a te d  a s f o l l o w s :-
Plasma T hrom boplastin  Component (P .T .C .)  d e f ic ie n c y  
A g g eler  e t  a l  (1952)
D eu teroh aem op h ilia .
Plasma Throm boplastin  F actor  B (P .T .F .-B ) D e f ic ie n c y  
A ggeler  e t  a l  (1954)
H aem ophilia I I  (W einer, 1953)
H aem ophilia B . (S o u lie r  and L a r r ieu , 1953 , Cramer e t  
a l  1953)
H a em o p h ilio id -s ta te  C (Graham and Brinkhous 1953)
P la t e l e t  C o -F a cto r -2 . (S eegers 1954)
/3 -p roth rom b op lastin  D e f ic ie n c y  (F a n tl & Sawers 1954)
F a cto r  IX D e f ic ie n c y  (K o ller  1954)
H aem ophilia ( la c k  o f  a n tih a em o p h ilic  g lo b u lin )  may be c a l le d ;  
H aem ophilia A (S o u lie r  and L arrieu  1953)
H aem ophilia I (W einer, 1953)
F a cto r  V III D e f ic ie n c y  (K o ller  1 9 5 4 ) .
C hristm as fa c to r  as a component o f  b lood  th r o m b o p la stin .
I t  was shown in  Chapter 4  th a t  the c o n s t itu e n ts  r e q u ir e d  
fo r  th e  p rep a ra tio n  o f  a pow erfu l b lo o d  throm b op lastin  are
p l a t e l e t s ,  fa c to r  V a n tih a em o p h ilic  g lo b u lin  and the f r a c t io n  
o f  serum adsorbed on alum ina. Christm as d is e a s e  has th e  
fe a tu r e s  o f  a th rom b op lastin  d e f ic ie n c y ;  in  p a r t ic u la r  th e r e  
i s  d e f e c t iv e  prothrom bin consum ption. The m iss in g  component 
in  C hristm as d is e a s e  - the Christm as fa c to r  - i s  p r e se n t  in  
normal serum not b e in g  consumed during c lo t t in g  and i s  p r e s ­
e n t in  th a t  f r a c t io n  o f  serum adsorbed on a lum ina. T h is  
f r a c t io n  o f  serum a ls o  c o n ta in s  th e  fa c t o r  V II o f  K o lle r .  
Whether th e  fa c to r  V II p a r t ic ip a t e s  in  b lo o d  th ro m b o p la stin  
form ation  has n ot been f i n a l l y  d e c id ed . T h is problem  w i l l  
be d is c u s se d  in  the n ext ch a p ter . For the p r e se n t  i t  i s  
a d v is a b le  t o  la b e l  fa c to r  VII as a p o s s ib le  component o f  
b lo o d  th ro m b o p la stin .
The scheme o f  b lo o d  c o a g u la tio n  thus becom es:
Prothrombin
F a cto r  V
T issu e  e x tr a c t
F actor  V II
Thrombin
F actor V
A n tih aem op h ilic  g lo b u lin
P la t e le t s
Christm as fa c to r
F actor VII ( t e n t a t iv e )
F ib rin o g en -^Fibrin
The r e la t io n s h ip  o f  th e  c o a g u la tio n  d e fe c t  in  Christm as 
d is e a s e  and th a t  produced by th e  coumarin drugs w i l l  be d e a lt  
w ith  in  th e  n ex t ch a p ter .
The d isc o v e r y  o f  Christm as d is e a s e  i s  o f  very  g r e a t  
academ ic in t e r e s t  and o f  some p r a c t ic a l  im p ortance. I t  i s  
c le a r  th a t  c a se s  o f  haem oph ilia  in  th e  p a s t  may have been  
e i t h e r  d e f i c i e n c i e s  o f  a n tih a em o p h ilic  g lo b u lin  (h a em o p h ilia )  
or C hristm as fa c to r  (Christm as d i s e a s e ) .  A d i f f e r e n t i a t i o n  
i s  im portant in  the problem o f  p r a c t ic a l  th e r a p e u t ic s  o f  
th e  c o n d it io n s . There i s  fo r  example^no v a lu e  in  t r e a t in g  
C hristm as d is e a s e  w ith  a p r e p a r a tio n  o f  a n tih a em o p h ilic  
g lo b u lin  w hich does n ot c o n ta in  the C hristm as f a c t o r .
The d isc o v e r y  o f  Christm as d is e a s e  was r ep o r ted  in  the  
B r i t i s h  M edical Journal In December 1952 ( B r i t .  med. J .  i i ,  
1378 C hristm as d is e a s e ;  A c o n d it io n  p r e v io u s ly  m istak en  
fo r  h a e m o p h ilia ) .
Though I shared  in  th e  in v e s t ig a t io n s  o f  C ases 3 , 4 and 
5 , the a ssessm en t o f  Cases 1 and 2 by th e  th ro m b o p la stin  
g e n e r a tio n  tech n iq u e  was my own work; the o th er  i n v e s t ig a ­
t io n s  d e sc r ib e d  were done j o i n t l y .
SUMMARY
(1 )  The problem  o f  o c c a s io n a l m utual c o r r e c t io n  o f  "haemo- 
p h i l ic "  b lood  was in v e s t ig a te d  by th e  a p p l ic a t io n  
o f  th e  th ro m b o p la stin  g e n e r a tio n  te c h n iq u e . T h is  
l e d  t o  the c le a r  d i f f e r e n t ia t io n  o f  "haem op hilia11 
in t o  two c o n d it io n s  - haem oph ilia  - la c k  o f  a n t i ­
h aem op h ilic  g lo b u lin  and C hristm as d is e a s e  - la c k  o f  
th e  C hristm as f a c t o r .
(2 )  U sin g  th e  th ro m b o p la stin  g e n e r a tio n  tech n iq u e  th e  ab­
n o rm a lity  in  haem oph ilia  i s  in  the adsorbed plasm a  
w hereas in  C hristm as d is e a s e  i t  i s  in  th e  serum .
The a n tih a em o p h ilic  g lo b u lin  (A .H .G .) i s  u sed  up 
du rin g  c lo t t in g  and i s  th e r e fo r e  n ot p r e se n t  in  normal 
serum . The Christm as fa c to r  (C .P .)  i s  n o t consumed 
d u rin g  c lo t t in g  and i s  th e r e fo r e  p r e se n t in  serum.
C .P . i s  adsorbed on aluminium hyd roxid e w hereas A.H .G . 
i s  n o t .
(3 )  Female tr a n s m it te r s  o f  Christm as d is e a s e  have been  in ­
v e s t ig a t e d .  In  one m other th e r e  was d e f e c t iv e  
prothrom bin consum ption and a serum ab n orm ality  on 
th rom b op lastin  g e n e r a t io n .
(4 )  The l i t e r a t u r e  o f  the c o n d it io n  i s  b r i e f l y  rev iew ed  and 
th e  problem s o f  term in o logy  d is c u s s e d .
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CHAPTER 6
OTHER THROMBOFLASTIN-PRECURS OR DEFICIENCIE3 
OOHTEHTS .
F a ilu r e  o f  b lo o d  th rom b op lastin  fo rm a tio n  a s c r ib e d  to  
d e f i c i e n c i e s  o f  plasm a th rom b op lastin  a n teced en t ( P . T . A . ) ,  
th e  fo u r th  th ro m b o p la stin  component, and the Hageman f a c t o r  
are d is c u s s e d .
A fa m ily  i s  d e sc r ib e d  where th e  f e a tu r e s  corresp on d  
to  th o s e  d e sc r ib e d  as P. T. A.  d e f ic ie n c y .
CHAPTER 6
OTHER T HR OMB OPLAST IN-PRECURS OR DEFICIENCIES
In a d d it io n  to  haem op h ilia  and C hristm as d is e a s e  th e re  
have b een  d e sc r ib e d  o th er  c o n s t i t u t io n a l  d e f i c i e n c i e s  o f  
f a c t o r s  needed fo r  b lood  th rom b op lastin  fo rm a tio n . T h is  
i s  in  a d d it io n  to  d e f i c i e n c i e s  o f  f a c to r  V or fa c to r  V II 
w hich  have been  m entioned in  Chapter 3  •
PLASMA THROMBOPLASTIN ANTECEDENT (P .T .A .)  DEFICIENCY.
T h is c o n d it io n  was d e sc r ib ed  by R o sen th a l, D resk in  and 
R osen th a l (1953 and 1 9 5 5 ) . The fa m ily  s tu d ie d  by th e s e  
auth ors c o n s is te d  o f  t h ir t e e n  members com prising fou r g e n e r a ­
t i o n s .  S ix  o f  the members o f th e  fa m ily  had , t o  a v a r ia b le  
d e g r e e , a haem orrhagic ten d en cy . The in h e r ita n c e  was o f  
i n t e r e s t  in  th a t  both  m ales and fem a les were a f f e c t e d  and 
the tr a n sm iss io n  was as an autosom al dominant t r a i t  w ith  a 
probab le h ig h  degree o f  penetrance and v a r ia b le  e x p r e s s io n  
o f  th e  g e n e . The d is e a s e  can be tr a n sm itte d  by e i t h e r  sex  
t o  male or fem ale o f f s p r in g .
The c l i n i c a l  s e v e r i t y  o f th e  haem orrhagic ten d en cy  was 
much l e s s  than in  m ost c a ses  o f  haem oph ilia  and C hristm as 
d is e a s e .  The p a t ie n t s  r a r e ly  develop ed  spontaneous b le e d in g
th e  haemorrhage u s u a lly  fo llo w e d  trauma or a s u r g ic a l  p r o ­
ced u re . Haemarthrosis was r a r e .
The la b o r a to r y  in v e s t ig a t io n  r e v e a le d  th a t  t h i s  was a 
b lo o d  th ro m b o p la stin  d e f ic ie n c y .  The whole b lood  c l o t t i n g  
tim e showed a s l i g h t  p r o lo n g a tio n  and th ere  was some im p a ir ­
ment o f  prothrom bin u t i l i s a t i o n .  Some o f  th e  p a t ie n t s  had 
a normal w hole b lo o d  c lo t t in g  t im e . The o n e -s ta g e  c l o t t i n g  
t im e , to u rn iq u e t t e s t ,  b le e d in g  tim e and p l a t e l e t  count were 
a l l  norm al.
The p r o p e r t ie s  o f  P .T .A . are compared w ith  th o se  o f  
a n tih a em o p h ilic  g lo b u lin  (A .H .G .) and the C hristm as fa c t o r  
( C .P .) .  The b lo o d  from th e se  p a t ie n t s  c o r r e c t s  th e  d e ­
f i c i e n c y  in  haem op h ilia  or Christm as d is e a s e .  A.H.G. i s  
u sed  up d u rin g  the c lo t t in g  o f  normal b lo o d  and th e r e fo r e  
th e re  i s  none rem aining in  normal serum. P .T .A . ( l ik e  C .P .)  
i s  n ot consumed during c lo t t in g  and th e r e fo r e  i s  p r e se n t  in  
serum. P .T .A . ( l ik e  A .H .G .) i s  not adsorbed on barium  s u l ­
p h a te . C .P . i s  removed by barium  su lp h a te  a d so r p tio n .
P .T .A . ( l ik e  C .P .)  does n ot d isap p ear on s to r a g e  a s  does  
A.H.G.
POSSIBLE FOURTH THROMBOPLASTIN COMPONENT.
(S p a et, A ggeler  and K in s e ll  1 9 5 4 ) .
The c h a r a c te r s  o f t h i s  c o a g u la t io n  d e fe c t  are s im ila r  
to  th o se  found in  P .T .A . d e f ic ie n c y  ex cep t th a t the plasm a
and serum o f  th e  p a t ie n t  s u f f e r in g  from t h i s  d is o r d e r  and 
th o se  o f a p a t ie n t  w ith  P .T .A . d e f ic ie n c y  were m u tu a lly  c o r ­
r e c t i v e .  Furthermore i t  was found th a t  when e i t h e r  alumina- 
adsorbed plasma or serum from t h i s  p a t ie n t  was s u b s t i t u t e d  
fo r  i t s  normal cou n terp art in  the th r o m b o p la stin  g e n e r a t io n  
t e s t ,  m arkedly abnormal r e s u l t s  were o b ta in ed .
HAGEMAN FACTOR .
R a tn o ff and Colopy (1955) d e sc r ib e  a fu r th e r  component 
o f  th e  c o a g u la tio n  system  w hich th e y  b e l ie v e  i s  r e q u ir e d  in  
th e  co n v ersio n  o f  prothrom bin t o  throm bin. They have c a l le d  
t h i s  th e  Hageman f a c to r  a f t e r  th e  f i r s t  p a t ie n t  s tu d ie d  and 
th ey  p r e se n t  ev id en ce  th a t  t h i s  c o a g u la t io n  component i s  d i f ­
f e r e n t  from th ose  p r e v io u s ly  d is c u s s e d .
Three p a t ie n t s  (one male and two fem a les) were s t u d ie d |  
the two fem ales belon ged  to  th e  same fa m ily . I t  I s  o f  p a r ­
t i c u la r  in t e r e s t  th a t none o f  th e se  p a t ie n t s  had any ev id en ce  
o f a haem orrhagic ten d en cy . The d is tu rb a n ce  o f  c o a g u la t io n  
was d isc o v e r e d  in  the f i r s t  two p a t ie n t s  b ecau se  o f  a p r o ­
lon ged  whole b lo o d  c lo t t in g  tim e done as a r o u t in e  p r io r  to  
o p e r a tio n . The o p e r a tio n s  were c a r r ie d  out w ith o u t abnormal 
haemorrhage o c cu rr in g .
Plasma from the p a t ie n t s  had a normal o n e -s ta g e  c lo t t i n g  
tim e and th e r e fo r e  th ere  was no d e f ic ie n c y  o f  f a c t o r s  V or V II . 
High spun p l a t e l e t - f r e e  p a t ie n t s  plasm a was in c o a g u la b le  and
the d e fe c t  was th e r e fo r e  b e l ie v e d  t o  be due to  a plasm a  
fa c to r  r a th er  th a n  t o  a p l a t e l e t  a b n o rm a lity . T h is  h ig h -  
spun p l a t e l e t - f r e e  plasm a rem ained in c o a g u la b le  w ith o u t the  
a d d it io n  o f  an a n t ic o a g u la n t;  i t  c lo t t e d  in  normal t im e , 
how ever, on th e  a d d it io n  o f  plasma from p a t ie n t s  w ith  haemo­
p h i l i a ,  C hristm as d is e a s e ,  P .T .A . d e f ic ie n c y  and fo u r th  
th rom b op lastin  component d e f ic ie n c y .  There was d e f i c i e n t  
prothrom bin consum ption in  th e se  p a t i e n t s .
The Hageman fa c to r  can be prepared  from normal serum .
The C hristm as fa c to r  and fa c to r  V II are removed by a d sorp ­
t io n  on barium su lp h a te  and th e  fo u r th  th ro m b o p la stin  com­
ponent by h e a tin g  t o  60° C. Such p r e p a r a tio n s  are  l i k e l y  
t o  c o n ta in  P .T .A .
No p a t ie n t s  o f t h i s  typ e have been  se e n .
PATIENTS WITH A COAGULATION ABNORMALITY HAVING THE CHARACTERS
O F ^P.T .A . DEFICIENCY^ ~ ~ ~  " ~ ~  ~
The fa m ily  now to  be d e sc r ib ed  d id  n ot have t y p ic a l  
d e f i c i e n c i e s  o f  e ith e r  A.H.G. or C .F . and may have b e lon ged  
to  th e  same type o f  d iso rd er  a s th a t  d e sc r ib e d  by R osen th a l 
e t  a l  or S p aet e t  a l .  A p o s s ib le  e x p la n a tio n  i s  t h a t  th e y  
were p a r t ia l  d e f i c i e n c ie s  o f  b o th  A.H.G. and C .F .
A fa th e r  and daughter s u f fe r e d  from a m ild  haem orrhagic  
d is o r d e r .
O ne-stage c lo t t in g  tim e norm al. A b i l i t y  o f  the plasm a
to  c o r r e c t  th e  o n e -s ta g e  c lo t t i n g  tim e o f  trom exan plasm a  
was norm al. Prothrom bin consum ption by Merskey tech n iq u e  
was normal in  both  fa th e r  and d au gh ter .
The r e s u l t s  o f  th e  th ro m b o p la stin  g e n e r a t io n  tech n iq u e  
were as fo l lo w s :
( l )  P la t e l e t s  from fa th e r  and daughter were as good 
as normal p l a t e l e t s .
Normal a d s . plasm a and normal serum c o n s ta n t .
(1 ) 121 (3 ) (4 ) (5 ) (6 )
Normal p l a t e l e t s 20 10 9 8 10 9
F ather  p l a t e l e t s 31 n 10 9 10 . 12
Daughter p l a t e l e t s 21 8 8 9 10 10
(2 ) Adsorbed plasma^serum prepared  from norm al, f a t h e r ,  
daughter and h a e m o p h ilia c .
A ds. plasm a 1 / 5 .  Serum 1 /2 0 .
P la t e l e t s  co n sta n t throughout exp erim en t.
(Normal serum 39 19 12 10 11 12
Nor. (F ather serum 53 33 21 14 13 13
a d s. (Daughter serum 48 30 16 13 14 13
plasma (Haem. serum 11 10 11 11 12 10
Daugh­ (Normal serum 39 22 12 11 11 10
te r (F ather serum 49 34 28 18 15 14
a d s . (Daughter serum 48 37 24 15 14 12
plasma (Haem. serum 21 12 11 10 11 12
Father (Normal serum 45 27 15 12 11 11ads. (Father serum 60 44 32 24 16 14plasma (Daughter serum 59 50 35 21 16 13
(Haem. serum 31 12 11 11 10 11
f igure  (29)
T h r o m b o p l a s t i n  g e n  6: r a t  io n  t e s t  m  a '  p a t ie n t  
P .T .A . ty p e .
O rdinate -  p ercen ta g e  b lo o d  th r o m b o p la stin . 
A b sc is sa  -  in c u b a tio n  tim e in  m in u tes a f t e r  
a d d it io n  o f  ca lc iu m .
P l a t e l e t s  c o n s ta n t .
0*"------ -0 Normal a d s . plasm a; normal serum.
X--------X P a t ie n t  a d s . plasm a; normal serum.
—# Normal a d s . plasm a; p a t ie n t  serum .
•  •  P a t ie n t  a d s . plasm a; p a t ie n t  serum.
P a t ie n t  - fa the r  o f  fa m ily  d e s c r ib e d .
IOO-
80
60
40
2 0 -
YoTh ro m bopla s 11 n
t-----------------------1------------------1----------------1----------------------1----------------r
I 2 3 4 5 6
Time in minutes
/ 6  'G~
Haem. (Normal serum 68 57 53 48 44 42
a d s • (F ather serum 57 50 50 48 49 46
plasm a (Daughter serum 65 66 64 60 60 59
(Haem. serum 59 35 29 26 28 26
Comment.
The d e fe c t  on ly  shows up c le a r ly  when th e  p a t ie n t s  * a d s . 
plasma and p a t ie n t  serum are used to g e th e r  in  th e  t e s t  ( s e e  
f ig u r e  ) •  I t  i s  tem pting to  assume th a t  th e s e  p a t i e n t s  
r ep re sen t p a r t ia l  d e f i c i e n c i e s  b o th  o f  a n tih a e m o p h ilic  
g lo b u lin  and the C hristm as f a c to r  r a th e r  than  th e  d e f ic ie n c y  
o f  an a d d it io n a l  c o a g u la t io n  fa c to r  - th e  so  c a l l e d  plasm a  
th rom b op lastin  a n te c e d e n t .
1 5 1
SUMMARY
(1 ) In  a d d it io n  t o  d e f i c i e n c i e s  o f  a n tih a em o p h ilic  g lo b u lin
(A .H .G .) and Christinas f a c t o r  ( C .F .) ,  o th er  plasm a  
components have b een  s a id  to  be r e q u ir e d  f o r  b lo o d  
th ro m b o p la stin  fo rm a tio n . These in c lu d e  plasm a  
th rom b op lastin  a n te ce d e n t (P .T .A .)  o f  R o sen th a l  
e t  a l , the fo u r th  th rom b op lastin  component o f  S p aet  
e t  a l  and th e  Hageman f a c to r  (R a tn o ff and C o lo p y ).
(2 ) A fa m ily  w ith  a m ild  haem orrhagic d ia t h e s i s  i s  d e sc r ib e d ;
th e  fe a tu r e s  may be th e  same as th e  c a se s  d e sc r ib e d  
by R osen th a l e t  a l  or Sp aet e t  a l .  The c h a r a c te r ­
i s t i c  fe a tu r e  was the f a i lu r e  to  o b ta in  c le a r  e v i ­
dence o f an abn orm ality  in  th ro m b o p la stin  fo rm a tio n  
in  the g e n e r a tio n  tech n iq u e  u n le s s  th e  adsorbed  
plasma and th e  serum were b o th  d e r iv e d  from the  
p a t i e n t .
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CHAPTER 7
ACTION OP THE COUMARIN DRUGS
CONTENTS
Chem ical S tr u c tu r e .
Prothrom bin.
(1 )  Comparison w ith  p a t ie n t  w ith  id io p a th ic  p ro ­
throm bin d e f ic ie n c y .
(2 )  A ssay by area  method and th e  g lo b u lin  f r a c t io n
te c h n iq u e .
Comparison by- th e s e  two m ethods.
A ntithrom bin a s s a y .
F a cto r  V II .
( ! )  E f fe c t  o f normal serum and normal plasma and
o f  p re p a r a tio n s  o f prothrom bin and f a c t o r  VII 
in  c o r r e c t in g  th e  o n e -s ta g e  c l o t t i n g  tim e o f  
tromexan p lasm a.
(2 )  The e f f e c t  o f  a d d it io n s  on th e  shape o f  th e  two 
s ta g e  curve o f  tromexan p lasm a. These  
a d d it io n s  in c lu d e  normal serum, normal p lasm a, 
prothrom bin d e f i c i e n t  plasm a, tromexan serum.
The p ro g ress  of l e v e l s  o f prothrom bin and f a c t o r  VII 
during tromexan th erap y  and fo llo w in g  c e s s a t io n  o f  th erap y  
w ith  and w ith ou t v itam in  Kj_.
F a cto r  V.
E f fe c t  o f  s to r a g e  o f  plasma on th e  o n e -s ta g e  c lo t t in g
t im e .
Calcium c o n c e n tr a tio n  and th e  o n e -s ta g e  c l o t t i n g  t im e .
O ther o n e -s ta g e  tec h n iq u es  and com parison w ith  
prothrombin co n ten t on two s ta g e  t e c h n iq u e s : -
(a ) w ith  an e x ce ss  o f  f a c t o r  V II .
(b) w ith  p re in cu b a tio n  o f  b ra in  and serum .
(c )  w ith  b lood  th ro m b o p la stin .
(d ) w ith  R u s s e l l ’ s v ip e r  venon.
B lood th ro m b o p la stin  in  coumarin th era p y .
(1 ) w hole b lood  c lo t t in g  t im e .
(2 ) Calcium  c lo t t in g  tim e .
(3 )  Prothrom bin consum ption.
(4 ) Thrombin G en eration  T e s t .
(5 ) T hrom boplastin  g e n e r a tio n  te c h n iq u e .
( i )  f a i lu r e  o f serum to  form  b lo o d  th ro m b o p la s tin ,  
( i i )  a n tih a em o p h ilic  g lo b u lin  c o n te n t .
Comparison o f  coum arin d e fe c t  w ith  th a t  in  C hristm as  
d is e a s e .
(a ) Comparison o f  serum th ro m b o p la stin  d e fe c t  in  coum arin
therap y and th a t  in  Christm as d i s e a s e .
( b ) The a c t io n  o f  d indevan plasm a on th e  prothrom bin
consum ption o f  Christm as d is e a s e  p lasm a.
( c ) Comparison o f  normal and C hristm as plasm a and o f
normal and C hristm as serum to  c o r r e c t  th e  on e-  
s ta g e  c l o t t i n g  tim e o f  tromexan p lasm a.
(d) The th rom b in -th rom b op lastin  g e n e r a t io n  from
C hristm as d is e a s e  and trom exan plasm a w ith  a d d i­
t io n s  o f  norm al, tromexan and C hristm as d is e a s e  
serum .
CHAPTER 7
ACTION OF THE* COUMARIN DRUGS
I f  advance i s  t o  be made in  the trea tm en t o f  thrombo­
em b olic  d is e a s e  i t  i s  o f  im portance to  have a b e t t e r  under­
sta n d in g  o f  th e  natu re o f  the in te r fe r e n c e  w ith  b lo o d  co a g u la  
t io n  produced by the a n t ic o a g u la n t  d ru gs.
Some o f  th e  h i s t o r i c a l  a s p e c ts  o f  t h i s  problem  w ith  
r e fe r e n c e  to  nsw eet c lo v e r  d i s e a s e 11 in  c a t t l e  and th e  d i s ­
covery o f  dicum arol as the a e t l o i o g ie a l  f a c to r  have b een  d e ­
sc r ib e d  in  Chapter 3 • From a s c r u t in y  o f th e  ex p er im en ta l
ev id en ce  a ls o  o u t l in e d  p r e v io u s ly  i t  i s  su g g e s te d  th a t th e  
a d m in is tr a tio n  o f  th e  coumarin drugs le a d s  to  a d e f ic ie n c y  
o f  prothrom bin and f a c to r  V I I . I t  i s  th e  o b je c t  o f  t h i s  
p r e se n t  chapter t o  produce new ev id en ce  in  support o f  t h i s  
concept and t o  examine th e  ex ten t o f  th e se  d e f i c i e n c i e s  u s in g  
improved te c h n iq u e s . I t  i s  a ls o  in ten d ed  to  examine th e  
natu re and e x te n t  o f  any in te r fe r e n c e  w ith  th e  b lo o d ’s i n t r i n  
s i c  th rom b op lastin  mechanism produced by th e se  dru gs.
CHEMICAL STRUCTURE.
The coumarin a n tic o a g u la n t drugs are r e l a t i v e l y  sim p le  
chem ical compounds bu t the ch em ical p r o c e s s e s  in v o lv e d  in  
th e  p ro d u ctio n  o f  t h e ir  e f f e c t  are very  p o o r ly  u n d ersto o d .
F i g u r e  (30)
s '
Form ulae o f  coum arin  d r u g s .
(1 ) 3 s u b s t i tu t e d  -  4  hydroxy coum arin d e r iv a t iv e s .
(2 ) C y c lic  a c e t a l s .
(3 )  Two coum arin r in g  sy stem s.
(4 ) D e r iv a t iv e s  o f  I s 3 -  in d a n ed io n e .
cr
u — u .
io
CM*
They may be d iv id e d  in to  fo u r  main groups accord in g  to  t h e i r  
chem ical s tr u c tu r e  ( s e e  f ig u r e  do ) .  (H unter and Shepherd ,1 9 5 5 ) .
(1 )  3 -  s u b s t itu te d  -  4 hydroxy coumarin d e r iv a t iv e s
r ep re sen ted  by th e  g e n e ra l form ula I  in  which R 
i s  an a r y l or a r a lk y l group. A v a ila b le  exam ples 
o f  t h i s  group are Marcoumar made by Roche and th e
r e c e n t ly  m arketed Sinthrome made by G eigy .
(2 )  C y c lic  a c e t a l s  ( s e e  form ula I I )  in  which R^  i s  an
a r y l  group and Rg and R^  are a lk y l  groups.
Cyclocum arol a v a i la b le  as cumopyran made by 
Abbot L ab ora tor ies L td. i s  a compound o f  t h i s  
ty p e .
(3 )  Compounds having two coumarin r in g  system s and
h av in g  th e  g en era l form ula I I I  -  Dicum arol i t s e l f
and Tromexan (G eigy) b elon g  to  t h i s  group .
(4 )  D e r iv a t iv e s  o f  1 :3  -  ind aned ione -  se e  form ula IV .
These compounds though not coumarin d e r iv a t iv e s ,  
are  so  c lo s e ly  r e la te d  to  th e  l a t t e r  b oth  in  
chem ical s tr u c tu r e  and mode o f  a c t io n , th a t  th ey  
are  u s u a l ly  c l a s s i f i e d  a long  w ith  coumarin 
a n t ic o a g u la n ts .  Dindevan (phenyl in d aned ione and
th e  newer d ip ax in  b elong  to  t h i s  grou p .)
W hile s e v e r a l  in t e r e s t in g  r e la t io n s h ip s  between ch em ica l 
s tr u c tu r e , p h y s ic a l  p r o p e r tie s  and a n tic o a g u la n t a c t i v i t y  
have been p o in te d  o u t , we are  s t i l l  unable to  d e f in e  th e  
minimum s t r u c tu r a l  c h a r a c t e r i s t i c s  which are  req u ired  to  
c o n fer  a n t ic o a g u la n t  powers on a m o lecu le .
The drug o f th e  coumarin group in  r o u tin e  u se  in  th e  
wards o f  th e  K a d c lif f e  In firm ary , O xford, a t th e  tim e o f  th e  
g r e a te r  p art of t h i s  stu d y  was trom exan.
F igu re (31)
Two- s ta g e  prothrom bin t e s t  in  normal plasm a*  
tromexan plasm a and prothrom bin d e f i c i e n t  plasm a  
(Area method) •
O rdinate -  Thrombin u n i t s .
A b sc is sa  -  In cu b a tio n  tim e in  m in u tes a f t e r  
a d d it io n  o f  ca lc iu m .
Normal p lasm a.
0— 0 , Tromexan p lasm a.
X  x Prothrom bin d e f i c i e n t  p lasm a.
Thrombin units
7 -
4-
Time m minutes
C lin ic a l  t r i a l s  w ith  trom exan have been  r ep o rted  by  
R e in is  and Kubik (1 9 4 8 ), von K aulla  and P u lver  (1 9 4 8 );
Burt e t  a l  (1 9 4 9 ) , Burke and W right 1950) and S t i r l i n g  and 
Hunter (1 9 5 1 ) . A sm a ller  number o f  o b se r v a tio n s  have been  
made on dicum arol and d in devan .
P rothrom bin.
B ig g s  and D ouglas (1955) have r e p o r ted  a ca se  o f  
id io p a th ic  prothrom bin d e f ic ie n c y .  T h is p a t ie n t  i s  d e­
sc r ib e d  in  Chapter A2. . T h is ca se  i s  unique in  th a t  i t
i s  th e  o n ly  case  so  f a r  d e sc r ib e d  in  w hich i s o l a t e d  p ro ­
throm bin d e f ic ie n c y  has been  dem onstrated c o n c lu s iv e ly .  A 
com parison o f  the d e fe c t  in  t h i s  p a t ie n t  w ith  th a t  in  t r o ­
mexan plasm a a s s i s t e d  th e  e lu c id a t io n  o f  th e  p r e se n t  prob lem .
When th e  area  tw o -s ta g e  t e s t  was perform ed on a normal 
plasm a, t h i s  p a t i e n t ' s  plasm a and a trom exan p lasm a, th e  r e ­
s u l t s  o b ta in ed  are shown in  F igu re 31 . I t  w i l l  be ob served  
th a t  th e  p a t ie n t  w ith  id io p a th ic  prothrom bin d e f ic ie n c y  d e ­
v e lo p s  h i s  sm all amount o f  throm bin v ery  r a p id ly ,  b u t th e  
trom exan plasm a produces much throm bin over s e v e r a l m in u te s . 
The o n e -s ta g e  c lo t t in g  tim e o f  th e se  plasma sam ples are com­
pared  w ith  the corresp on d in g  prothrom bin c o n te n ts  e s t im a te d  
by th e  area  m ethod (T able 7 ) .
TABLE 7
Comparison o f  o n e -s ta g e  c l o t t i n g  tim es w ith  prothrom bin
c o n ten t in  norm al, trom exan and prothrom bin d e f i c i e n t  
plasm a.
O ne-stage j Prothrom bin c o n te n t j
c lo t t i n g  t im e . I by area  m ethod. j
Normal plasma 1 5 ” ( 1 0 0 #  1
i
rrdmexan plasm a 35” |
i
i
68#  i
I
Prothrom bin
d e f ic i e n t  plasma
I--------------------------------- j
\
1 8 ” |
\
i
OH
The im portance o f  th e se  r e s u l t s l i e s  in  th e  o b serv a -
t io n  th a t  the p a t ie n t  w ith  on ly  10 p er  cen t o f  prothrom bin  
has a o n e -s ta g e  c lo t t i n g  tim e l i t t l e  a l t e r e d  from norm al, 
w hereas th e  tromexan plasma w ith  68 p er  cen t o f  prothrom bin  
has a g r o s s ly  p ro lon ged  o n e -s ta g e  c lo t t in g  t im e . I t  seem s 
a rea so n a b le  assum ption th a t the o n e -s ta g e  c l o t t i n g  tim e i s  
in s e n s i t iv e  to  change in  prothrom bin , b u t i s  s e n s i t i v e  to  
th e  main d e fe c t  in  tromexan plasm a.
When the plasm a o f  the p a t ie n t  w ith  id io p a th ic  p ro ­
throm bin d e f ic ie n c y  or a normal plasm a was m ixed w ith  t r o ­
mexan plasma in  th e  same p r o p o r t io n s , th e  p a t i e n t ’s plasm a  
(c o n ta in in g  on ly  10 per cen t prothrom bin) was as e f f e c t i v e  
as th e  normal plasm a in  sh o r te n in g  th e  o n e -s ta g e  c l o t t i n g  
tim e o f  the trom exan p lasm a.
Figure (32)
}
A n ti th rom b in  a s s a y  in  trom exan  p lasm s.;
** -  
O rdinate -  Thrombin u n i t s .
A b sc is sa  -  In cu b a tio n  tim e in  m in u tes a f t e r
a d d it io n  o f  throm bin to  p lasm a.
> -----  trom exan p lasm a.
   normal p lasm a.
(Mean o f  25 o b s e r v a t io n s .)
Thrombin units
m
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IO-
8
6
v
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TABLE g
The e f f e c t  o f  d i lu t io n s  o f normal and p r o th r o m b in -d e fic ie n t  
plasm a in  c o r r e c t in g  th e  o n e -s ta g e  c lo t t i n g  tim e o f  
tromexan p lasm a.
D ilu t io n s j 1 /1 0 ! 1 /2 0 \ 1 /4 0 | 1 /8 0 1 /1 6 0 I 1 /3 2 0 j 1 /6 4 0  ' 1 /1 2 8 0
Normal
plasma ! 24
I
| 27 ; 3 0
|
J 32!
36
i
i 4 1 j 40 39
Prothrom bin
d e f ic ie n t
plasma
f " .....
I
i 22ji\i
; 26 j 28
\
f!i1
j 32
1|
33 J 37
j
i
1
j
I [
| 37 38
1} ;
C lo t t in g  tim e o f  tromexan plasma « 43”
ft ,f M normal H -1 5 ”
T h is c o r r e c t io n  cannot reason ab ly  be a t t r ib u te d  to  th e  
a d d it io n  o f  prothrom bin.
The prothrom bin co n ten t o f  tromexan plasm a was a ssa y ed  
by the two methods m entioned above. 324 specim ens chosen  
a t  random from th e  d a i ly  r o u tin e  specim ens were exam ined,
140 were t e s t e d  by th e  area  method and 184 by th e  g lo b u lin  
f r a c t io n  method. To apply the area  tw o -s ta g e  method o f  
prothrom bin a ssay  t o  tromexan plasm a the an tith rom b in  co n ten t  
must be s im ila r  to  th e  norm al. T h is has been found to  be s o .  
The r e s u l t s  o f  an tithrom bin  a ssa y  on normal and trom exan  
plasma are g iv en  in  th e  appendix and the r e s u l t s  are shown in  
f ig u r e  32 #
In  F igu res 3 3  *• 34- th e  r e s u l t s  o f  the prothrom bin a ssa y  
are shown by h isto g ra m s. I t  w i l l  be seen  t h a t  u s in g  b o th  
methods th e  prothrom bin co n ten t o f  th e  specim ens la y  g e n e r ­
a l ly  from 35-100 per cen t w h ile  by Quick Ts one--stage method 
the f ig u r e s  ranged from l e s s  than 5 p er  cen t to  30 per c e n t .  
The mean prothrom bin co n ten t by the g lo b u lin  f r a c t io n  method 
was 64 per cen t and by the area  method 69 p er  c e n t .  From a 
com parison o f  the two h istogram s i t  w i l l  be se en  th a t  th e re  
i s  reason ab le  s im i la r i t y  in  th e  prothrom bin co n ten t o f  th e  
two s e r ie s  . The mean o f  a l l  o f  the o b se r v a tio n s  on prothrom ­
b in  co n ten t was 65 per cen t and the corresp on d in g  mean by  
Q uickTs o n e -s ta g e  p ercen ta g e  was 11 per c e n t .  F ig u re  35" 
shows by h istogram  the combined r e s u l t s  o b ta in ed  u s in g  b o th  
methods (area  method and th e  g lo b u lin  fraction tech n iq u e  ) .
A sm all number o f  o b se r v a tio n s  have b een  made on th e  
prothrom bin con ten t during dicxmiarol and dindevan th era p y .
(See pages '244-7  o f  the a p p en d ix ). The r e s u l t s  are  
s im ila r  to  th o se  ob ta in ed  in  tromexan th era p y .
METHODS OF PROTHROMBIN ASSAY.
Area method (B iggs and D ouglas 1 9 5 3 ) . In  f ig u r e s  3 G * 3 7  
are i l l u s t r a t e d  fu r th e r  exam ples o f  t h i s  tech n iq u e  on normal 
and tromexan p lasm a. In  f ig u r e  37 the a rea s w hich are used  
to  make the a ssa y  are shown by sh a d in g .
F igure (33
Prothrom bin a s s a y  in  t r o m e x a n  plasm a b y  the  
area  m ethod. <140 o b s e r v a t io n s ) .
O rdinate -  p ercen ta g e  o f  o b s e r v a t io n s .
A b sc is sa  -  "prothrom bin11 c o n te n t o f  trom exan plasm a.
T h is h istogram  shows in  the shaded r e p r e s e n ta t io n  
th e  p e r c e n ta g e s  a s read  from Q uick1s s a l in e  d i lu t io n  
curve and in  th e  s o l id  th e  p e r c e n ta g e s  o f  prothrom bin as 
m easured by th e  tw o -s ta g e  area  m ethod.
Percentage of
observations
5 0 -
40-
30-
2 0 -
4 0  6 0  8 0
Percentage
IOO 120 140
F ig u re  (34)
s
■ 'T-re ( ,;4)
Prothrom bin a s s a y  i n  t rom ex an  p lasm a by th e  
g lo b u lin  f r a c t io n  method (184  o b s e r v a t io n s ) .
O rdinate -  p ercen ta g e  o f  o b s e r v a t io n s .
A b sc is sa  -  "prothrombin" c o n ten t o f  trom exan plasm a.
This h istogram  shows in  th e  shaded r e p r e s e n ta t io n  
th e  p e r c e n ta g e s  as read  from Q uick*s s a l in e  d i lu t io n  
curve and in  th e  s o l i d  th e  p e r c e n ta g e s  o f  prothrom bin as 
m easured by th e  g lo b u lin  f r a c t io n  te c h n iq u e .
Percentage ofobservations
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Globulin fraction
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F ig u re  (3 5 )
F ig u re  (3 5 )
Prothrom bin a ssa y  in  trom exan p lasm a  by th e  a r e a  
method and tire g lo b u lin  f r a c t io n  techn iqu e .
O rdinate -  number o f  o b s e r v a t io n s .
A b sc is sa  -  “prothrom bin11 co n ten t o f  trom exan plasm a.
T h is  h istogram  com bines th e  r e s u l t s  shown in  f ig u r e s  
33 and 34 r 140 o b se r v a tio n s  by th e  area  method and 184 
by th e  g lo b u lin  f r a c t io n  te c h n iq u e . The shaded  
r e p r e s e n ta t io n  shows th e  prothrom bin c o n te n t  as read  from 
Q uick’ s s a l in e  d i lu t io n  curve and th e  s o l i d  th e  co n ten t  
as a ssa y ed  by th e  tw o -s ta g e  te c h n iq u e s .
Number of observations
150-
120 -
90-
60-
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Total-argg and 
g lobulin fraction
4 0  60  80  IOO 120 140
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F ig u re  (36)
Fi r  l i re  (36)
T w o-stage prothrom oin t e s t  in  a normal plasm a and. 
a trom exan p lasm a. (A rea m ethod).
O rdinate -  Thrombin u n i t s •
A b sc is sa  -  In cu b a tio n  tim e in  m in u tes a f t e r  
a d d it io n  o f  ea lc iu m .
O— O Normal p lasm a.
• ------ •  Tromexan p lasm a.
T h is  f ig u r e  shows a fu r th e r  example o f  th e  tw o -sta g e  
t e s t  in  trom exan p lasm a.
Thrombin units.
1 0
3 5
Time in minutes
F ig u re  (37)
F ig u re  (37)
T w o-stage p r o th r 011113in  t e s t  in  a norm al plasm a and 
a trom exan p lasm a. (Area m eth o d ).
O rd in ate  -  Thrombin u n i t s .
A b s c is s a  -  In c u b a tio n  tim e in  m in u tes a f t e r  a d d itio n  
o f  c a lc iu m .
The sh a d in g  in  t h i s  f ig u r e  in d ic a t e s  th e  a r e a s  
which r e q u ir e  to  be computed in  ord er to  make th e  a ssa y .
Thrombin units
normal
/
tromexan
I 2 3 4 5 6 
Time in minutes
Figure (38)
Prothrom bin a s s a y  oy th e  g lo b u l in  f r a c t i o n  te c h n iq u e .  
O rdinate -  Thrombin u n i t s .
A b sc is sa  -  Time in  m in u tes a f t e r  a d d it io n  o f  calcium , 
• — •  -  Thrombin developm ent in  norm al. 
q- — - o -  Thrombin developm ent i n  trom exan.
T h is f ig u r e  shows th a t  th e  g lo b u lin  f r a c t io n  from the  
normal d e v e lo p s  i t s  throm bin r a p id ly .  The f r a c t io n  from 
the trom exan plasm a d ev e lo p s throm bin more s lo w ly  bu t  
u lt im a t e ly  a t t a in s  th e  same throm bin l e v e l .  T h is  
trom exan plasm a th e r e fo r e  c o n ta in ed  a normal amount o f  
prothrom bin.
Thrombin u n its
IO i
Figure (39)
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Prothrom bin a ssa y  by th e  g lo b u lin  f r a c t io n  tech n iq u e .
O rdinate -  Thrombin u n it*
A b sc is sa  -  Time in  m in u tes a f t e r  a d d it io n  o f  ca lc iu m .
§  - f  Thrombin developm ent in  norm al.
0— 0 Thrombin developm ent in  trom exan.
T h is f ig u r e  shows th a t  th e  g lo b u lin  f r a c t io n  from the  
normal d e v e lo p s  i t s  throm bin r a p id ly  w hereas th a t  from the  
trom exan d e v e lo p s  more s lo w ly . The trom exan specim en does 
n o t a t t a in  th e  same l e v e l  o f  throm bin a s the normal and 
was th e r e fo r e  d e f i c i e n t  in  prothrom bin h av in g  o n ly  75% o f  
th e  normal •
Thrombin
units
2 -
Time in minutes
F i g u r e  ( 4 0 )
F ig u re  (40)
C o r r e la tio n  o f  r e s u l t s  ox prothrom bin - clS say  by area  
method and th£ g lo b u lin  f r a c t io n  te c h n iq u e .
O rdinate -  prothrom bin p ercen ta g e  as a ssa y ed  by 
area  m ethod.
A b sc is sa  -  prothrom bin p ercen tage  as a ssa y ed  by 
g lo b u lin  f r a c t io n  te c h n iq u e .
T h ir ty  f i v e  specim ens o f  trom exan plasm a were 
examined by both  a ssa y  p roced u res and the c o r r e la t io n  
o f  r e s u i t s r i s  in d ic a te d  in  t h i s  f ig u r e .
I
area
20 40 60 80 iOO 120 140
globulin fraction
G lo b u lin  f r a c t io n  method (D ouglas and B ig g s 1 9 5 3 ) .  
F ig u res  3%  **- 3^ i l l u s t r a t e  th e  p r o g r ess  o f  throm bin p ro ­
d u c tio n  from g lo b u lin  f r a c t io n s  prepared  from normal and 
tromexan p lasm as. The amount o f throm bin e v e n tu a lly  p ro ­
duced from one o f  th e se  i s  normal ( f ig u r e  3*8 ) w hereas in  
the o th er  ( f ig u r e  3 ^  ) i t  i s  low . The im paired r a te  o f  
throm bin form ation  can a ls o  be a p p r e c ia te d .
To t e s t  the v a l i d i t y  o f  th e s e  two m ethods in  t h e ir  
p ro p erty  o f  a ssa y in g  prothrom bin, 35 specim ens were examined  
u s in g  b oth  te c h n iq u e s . The c o r r e la t io n  o f  r e s u l t s  i s  shown 
in  F ig .  AO i t  w i l l  be observed  th a t a lth o u g h  some o f  
th e  p o in ts  are a t some d is ta n c e  from th e  45° l i n e  th ere  i s  
rea so n a b le  c o r r e la t io n  o f  th e  r e s u l t s .
F actor  V I I .
R edu ction  o f  o n e -sta g e  c lo t t in g  tim e by the a d d it io n  o f  serum .
I t  has been  shown th a t a f t e r  normal c o a g u la tio n  when 
th e  b lood  I s  in cu b ated  in  g la s s  tub es f o r  one hour a t  37° C. ,  
prothrom bin and fa c to r  V are reduced to  very  low l e v e l s  in  
the r e s u l t in g  serum (A lexander, G o ld s te in  and Landwehr 1951 , 
D ouglas and B ig g s 1953, Merskey 1 9 5 0 ) . I t  w i l l  be se e n  
(Table 7 ) th a t the o n e -sta g e  c lo t t i n g  tim e o f  trom exan
plasma was reduced alm ost to  normal by th e  a d d it io n  o f  normal 
serum. T h is o b ser v a tio n  confirm s p rev io u s r e p o r ts .
TABLE <?
The a c t io n  o f  normal serum and normal plasm a in  c o r r e c t in g  
th e  o n e -sta g e  c lo t t in g  tim e o f tromexan p lasm a.
! C lo t t in g  tim e
C lo t t in g  tim e ] C lo t t in g  tim e (seco n d s) a f t e r
Number o f (seco n d s) o f i (seco n d s) o f a d d it io n  to
o b ser v a tio n s Tromexan ! Normal Plasma Tromexan Plasma
Plasma i o f  1 /1 0
t1
p r o p o r tio n  o f
1;
_____________ ______i
Normal j Normal
•: Plasma >Serum
-----------------------------
51 36-39
;
1 5
\
j 16
\
24
__________ ________
39-54 ; i si
------------------------------
2 0 -22  I
The d e t a i l s  o f  th e s e  r e s u l t s  are g iv en  in  the appendix  
pages73fe-7 4 Tromexan serum was a b le  t o  produce some sh o r te n ­
in g  b u t was not so e f f e c t i v e  as normal serum in  t h i s  p rop ­
e r t y .  The tromexan plasm a used  in  th e se  o b se r v a tio n s  was 
c o l le c t e d  from p a t ie n t s  on the th ir d  or fo u r th  day o f  th erap y . 
These r e s u l t s  support the view  th a t  d e f ic ie n c y  o f  prothrom bin  
i s  a minor fe a tu r e  o f the c lo t t in g  d e fe c t  caused  by trom exan. 
Prothrom bin d e f i c i e n t  plasm a can c o r r e c t  the d e fe c t  as e f ­
f i c i e n t l y  as normal plasm a; normal serum i s  more e f f e c t i v e  
than normal plasm a. The la c k  o f  fa c to r  V II appears t o  be  
the main d e fe c t  and i t  i s  th e  d e f ic ie n c y  w hich probab ly  con­
t r o l s  th e  r e s u l t s  o f th e  o n e -sta g e  ,fprothrom binw tim e in  th e se
(- no~
p a t ie n t s .  I f  i t  i s  remembered th a t  a l e v e l  o f  10 per cen t  
o f prothrom bin caused on ly  s l i g h t  le n g th e n in g  o f th e  one-  
s ta g e  ’’prothrombin" t im e , th en  th e  l e v e l  o f  65 p er  cen t found  
as an average in  p a t ie n t s  tr e a te d  w ith  trom exan i s  u n l ik e ly  
to  a l t e r  th e  o n e -sta g e  "prothrom bin” tim e s i g n i f i c a n t l y .
I t  seems u n l ik e ly  th a t th e  e x te n t  o f  th e  d e f ic ie n c y  
o f  prothrom bin i s  c o n tr ib u to r y  t o  th e  p ro lon ged  o n e -s ta g e  
c lo t t in g  tim e . T h is i s  o f  course an assum ption w hich may
be u n j u s t i f i e d .  In  th e  prothrom bin d e f i c i e n t  p a t ie n t  th ere
was a normal c o n c e n tr a tio n  o f fa c to r  V II . When th e r e  i s  a 
d e f ic ie n c y  o f  fa c to r  V II as in  tromexan therapy th e  m oderate  
d e f ic ie n c y  o f  prothrom bin may, under th e se  r a th e r  d i f f e r e n t  
c o n d it io n s , be c o n tr ib u tin g  t o  th e  len g th e n in g  o f  th e  one- 
s ta g e  c lo t t in g  tim e .
R edu ction  o f  o n e -sta g e  c lo t t in g  tim e by th e  a d d it io n  o f  
p r e p a r a tio n s  o f  prothrom bin and fa c to r  V I I .
P rep ara tion s o f  th e  alum ina-adsorbed f r a c t io n  o f  plasm a
and serum are ab le  to  sh o rten  th e  o n e -sta g e  c lo t t i n g  tim e
tromexan plasma (se e  page 6^5 o f  th e  a p p en d ix ).
The com parison in  th e  e f f e c t  o f  normal serum and plasm a t o
c o r r e c t  th e  o n e -sta g e  c lo t t in g  tim e o f  tromexan p la sm a .
When n ine p a r ts  o f  trom exan plasm a are m ixed w ith  one
p a r t o f  normal serum or one p a r t o f  th e  corresp ond ing  plasm a
then  the serum produces a g r e a te r  c o r r e c t io n  than the p lasm a.
F ig u re
\
F ig u re  (4 1 )
T h e  e f l e e t  o f  n o r m a l  serum a n d  p l a s m a  p n  t h e  
tw o -s ta g e  t e s t  on trom exan p lasm a.
O rd in a te  -  Thrombin u n i t s .
' A b s c is s a  -  In c u b a t io n  tim e  in  m in u tes  a f t e r  
a d d it io n  o f  c a lc iu m .
---------- . tw o -s ta g e  t e s t  on trom exan p lasm a a lo n e .
tw o -s ta g e  t e s t  on trom exan  p lasm a p lu s  
l / l O  p a r t  o f  norm al serum .
O— O tw o -s ta g e  t e s t  on trom exan p lasm a p lu s  
l / l O  p a r t  o f  norm al p la sm a .
Thrombin units
plus plasma & serum 
( n orm al)
%  >■
Time in minutes
HI gure (41
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F i g u r e  ( 4 2 )
The e f f e c t  o f  norm al  p lasm a  on th e  t w o - s t a g e  t e s t  
on trom exan 'plasm a.
O rdinate -  Thrombin u n i t s .
A b sc is sa  -  In cu b a tio n  tim e i n  m in u tes a f t e r  
a d d it io n  o f  ca lc iu m .
♦ -—- 0  Tromexan plasm a a lo n e .
O— O Tromexan plasm a p lu s  1 / iq  Par 't' o f  normal plasB&J
Thrombin units
plus normal plasma
32 4 5 6
Time in minutes
F ig u r e  (43)
Pi s UpG (-13 )
The e f f e c t  o f  norm al  serum on t h e  t w o - s t a g e  t e s t  
on trom exan plasm a.
O rdinate - Thrombin u n i t s .
A b sc is sa  -  In cu b a tio n  tim e in  m in u tes a f t e r  
a d d it io n  o f  ca lc iu m .
♦ ■—■ #  *' Tromexan plasm a a lo n e .
0— 0 Tromexan plasm a p lu s  l / i o  p a r t  o f  normal serum.
plus normal serum
32 4 5 6
Time in minutes
F ig u re  (44)
F ig u r e  (44)
The e f f e c t  o f  t h e  a d d i t i o n  o f  a n  e x c e s s  o f  s e r u m  
on th e  shape o f  th e  tw o -s ta g e  t e s t  on trom exan plasm a. 
O rdinate -  Thrombin u n i t s .
A b sc is sa  -  In cu b a tio n  tim e in  m in u tes a f t e r  ad d ition  
o f  ca lc iu m .
f  Tromexan plasm a a lo n e .
0 -------0 Tromexan plasm a p lu s  80% o f  normal serum.
Thrombin units
plus 80°/o normal serum
765432
Time in minutes
(se e  Table <7 ) .  This i s  in  s p i t e  o f th e  f a c t  th a t th e
plasma c o n ta in s  prothrom bin whereas th e r e  i s  none in  th e  
serum. T his g r e a te r  power o f th e  serum was n ot due to  
th e  c i t r a t e  in  th e  plasm a, ^appendix page 74-0). Some 
change must a r is e  during c lo t t in g  so  th a t th e  serum i s  
more a c t iv e  than th e  correspond ing plasm a. Even
tromexan serum i s  a b le  to  produce some sh o rten in g  on i t s  
own plasm a. The a d d it io n  o f normal serum to  n o m a l
plasma r e s u l t s  in  some red u ctio n  in  th e  normal o n e -s ta g e  
c lo t t in g  tim e (appendix page 74/ ) .
The e f f e c t  o f normal serum and plasma on th e  tw o -s ta g e  
t e s t  on tromexan plasma
These a d d it io n s  t o  tromexan plasma reduce th e  d e la y  
in  thrombin g en era tio n  dem onstrable by th e  tw o -s ta g e  
tech n iq u e . This e x p la in s  th e  c o r r e c t io n  in  th e  o n e -s ta g e
t e s t .  F igu res 4 1 , 4 2 , and 43 i l l u s t r a t e  t h i s  and th e  
data are g iv en  in  th e  appendix . Even th e  a d d it io n  o f  
co n sid er a b le  amounts o f serum to  tromexan plasma f a i l s  
to  co m p lete ly  c o rr ec t  th e  shape o f  th e  curve on th e  
tw o -s ta g e  te c h n iq u e , though th e  o n e -s ta g e  t e s t  may be 
r e sto r e d  to  norm al. I se e  f ig u r e  4 4 ) .
The e f f e c t  o f  th e  a d d it io n  of prothrom bin d e f ic ie n t  plasma 
on th e  shape o f th e  tw o -s ta g e  curve o f throm bin p rod u ction  
from coumarin plasma
In f ig u r e s  45 and 46 are shown th e  e f f e c t  o f  th e  a d d it io n s  
to  th e  tromexan plasma of plasma from th e  p a t ie n t  w ith
F ig u r e  (45 )
The e f f e c t  o f  p r o th r o m b in  d e f i c i e n t  p lasm a  on t h e  
tw o -s ta g e  t e s t  on trom exan plasm a.
O rdinate -  Thrombin u n i t s .
A b sc is sa  -  In cu b a tio n  tim e in  m in u tes a f t e r  
a d d it io n  o f  ca lc iu m .
♦  Tromexan plasm a a lo n e .
0— 0 Tromexan plasm a p lu s  l / i o  p a r t  o f  plasm a  
from th e prothrom bin d e f i c i e n t  p a t ie n t .
Thrombin units
plus prothrombin deficient
plasma
1 2  3 4 5
Time in minutes
Figure (46)
v
F ig u re  (4 6 )
The two- s t a g e  t e s t  on p lasm a  from a p a t i e n t  on 
trom exan, on plasm a from th e prothrom bin d e f i c i e n t  
p a t ie n t  and on a m ixture o f  th e  tw o.
O rdinate -  Thrombin u n i t s .  .
A b sc is sa  -  In cu b a tio n  tim e in  m in u tes a f t e r  
a d d it io n  o f  ca lc iu m .
f ia< ■§ Tromexan p lasm a.
----------  Prothrom bin d e f i c i e n t  p lasm a.
0 — . - 0 60% m ixture o f  th e s e  two p la sm a s.
/
Thrombin units
plus prothrombin deficient
plasma
I 2 3 4 5
Time in minutes
F i g u r e  (46)
The two- s t a g e  t e s t  on p lasm a from a p a t i e n t  on 
trom exan, on plasm a from th e prothrom bin d e f i c i e n t  
p a t ie n t  and on a m ixture o f  th e  tw o.
O rdinate -  Thrombin u n i t s .  ..
A b sc is sa  -  In cu b a tio n  tim e in  m in u tes a f t e r  
a d d it io n  o f  ca lc iu m .
f —$ Tromexan p lasm a.
----------  Prothrom bin d e f i c i e n t  p lasm a.
0-—— 0 50% m ixture o f  th e s e  two p la sm a s.
/
Thrombin units
plus prothrombin deficient
plasma
I 2 3 4 5 6 7
Time in minutes
Figure (47)
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''•'’i r u r e  (4 7 )
The e f f e c t  on t h e  t w o - s t a g e  t e s t  on t rom exan  plasma 
o f  th e  a d d it io n  o f  i t s  own serum.
O rdinate -  Thrombin u n i t s .
A b sc is sa  -  In cu b a tio n  tim e in  m in u tes a f t e r  
a d d it io n  o f  ca lc iu m .
O— o  Tromexan p lasm a.
• -------•  Tromexan plasm a + l / i o  p a r t  o f  i t s  own serum.
\
Thrombin units
plus its own serum
4
3
2
Time in minutes
Figure  (48)
<*«*«*«*
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prothrom bin d e f ic ie n c y .  The much more r a p id  p ro d u ctio n  o f  
throm bin i s  i l l u s t r a t e d .
The e f f e c t  o f  th e  a d d it io n  o f trom exan serum on th e  shape o f  
th e  tw o -s ta g e  curve o f  throm bin p ro d u ctio n  from i t s  own 
p la sm a «
The more rap id  p ro d u ctio n  o f  throm bin from tromexan 
plasm a fo l lo w in g  th e  a d d it io n  o f i t s  own serum i s  i l l u s t r a t e d  
in  f ig u r e  47 •
The l e v e l s  o f  prothrom bin and fa c to r  V II during trom exan  
th e r a p y .
S in c e  r e d u c tio n  o f  f a c to r  VII i3  th e  main fa c to r  which  
c o n tr o ls  the o n e -s ta g e  prothrom bin tim e in  the b lood  o f  
p a t ie n t s  t r e a te d  w ith  tromexan th e  o n e -s ta g e  t e s t  can be 
u sed  to  g iv e  an approxim ate measure o f fa c to r  V II . U sin g  
th e  o n e -s ta g e  t e s t  and th e  two methods o f  prothrom bin a s s a y ,  
th e  p ro g ress  o f  therapy in  fo u r te e n  c a ses  was fo llo w e d  d a i ly  
fo r  14 d a y s.
In  f ig u r e  4-8 i s  shown the mean o f  14 c a s e s .  The 
fa c to r  V II f a l l s  r a p id ly  a t  th e  on set o f  th era p y , the f a l l  
in  prothrom bin i s  more gradual and much l e s s  in  e x t e n t . Dur­
in g  the e a r ly  days o f  therapy ( e .g .  3 -4  d ays) the prothrom bin  
co n ten t i s  l i t t l e  a l t e r e d  from norm al, whereas th e  fa c to r  V II  
i s  a lrea d y  a t  a low l e v e l .  Such plasm a i s  p a r t ic u la r ly  u s e fu l  
as a su b s tr a te  fo r  th e  study o f  f a c to r  V II d e f ic ie n c y .
F ig u r e  (4 9 )
i f  'tire ( )
P r o g r e s s  o f  p r o th r o m b in  and f a c t o r  V II  s u b s e q u e n t  
to  sto p p in g  trom exan th era p y .
O rdinate -  P ercen tage  prothrom bin or fa c to r  V II .
A b sc is sa  -  Time in  days a f t e r  s t a r t in g  th era p y .
Mean o f  2 c a s e s .
0— 0' -  prothrom bin,
f    t' -  fa c to r  V II .
Prothrom bin was a ssa y ed  by th e  g lo b u lin  f r a c t io n  
tech n iq u e  an d 'th e  fa c to r  V II from a s a l in e  d i lu t io n  curve  
u s in g  QuickCs t e s t .
The s o l id  b la c k  area  r e p r e se n ts  th e  trom exan therap y  
and the c e s s a t io n  o f  th erap y  i s  shown a c c o r d in g ly .
Percentage
1 0 0
8 0
60
tromexan
40
2 0
prothrombin
factor VII
t » ■ * ■  *
27 29 J 30
Time m days
F ig u r e  (5 0 )
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F ig u r e  (50)
P rogress  o f  prothrom bin and fa c to r  VII fo llow in g- 
o r a l a d m in is tr a t io n  o f  1000 mg. o f  o r a l  v ita m in
O rdinate -  c lo t t i n g  tim e o f  f ib r in o g e n  in  seco n d s .
A b sc is sa  -  tim e in  h o u rs .
0— —0 prothrom bin.
*  # . f a c to r  V I I .
The a d m in is tr a t io n  o f  th e  v ita m in  i s  shown.
Prothrom bin was a ssa y ed  by the g lo b u lin  f r a c t io n  
tech n iq u e  and th e  fa c to r  V II from a s a l in e  d i lu t io n  
curve u s in g  QuickCs t e s t .
Percentage
factor viiIOO-
80- prothrombin
60-
40-
2 0 -
4 8O
Time in hours
F ig u r e  (5 1 )
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Vi'v ire  (51)
F actor V co n ten t o r  tromexan plasma.
O rdinate -  Thrombin u n i t s .
A b sc is sa  -  in c u b a tio n  tim e in  m inu tes a f t e r  
a d d it io n  o f  ca lc iu m .
10 normal plasm as and 10 tromexan plasm as were 
examined in  th e  one exp erim en t. The fa c to r  V was 
prepared from each o f  th e se  p lasm as and the a c t iv a t io n  
o f  prothrom bin s tu d ie d . The con tin u ou s l in e  i s  th e  
r e s u l t  from the fa c to r  V o f  th e  tromexan plasm as 
ex p r essed  as a mean. The d isco n tin u o u s  l i n e s  r e p r e se n t  
th e  a c t iv a t io n  by th e  fa c to r  V from th e  normal plasm as <*- 
d i lu te d  a ls o  t o  50%. The a c t iv a t io n  o f  the prothrom bin  
w ith  no added fa c to r  V i s  shown as 0%.
Thrombin units
16-
12
8
IOO°/o
o  / '50 ! o /
'  * ° l
s '  o u
I 2 3 4 5
Time in minutes
8
F ig u re  (5 2 )
F a c t o r  V c o n t e n t  of t rom exan  plasma*
"O rdinate -  Thrombin u n i t s .
A b scissa . -  in c u b a tio n  tim e in  m inu tes a f t e r  
a d d it io n  o f  ca lc iu m .
One normal plasm a and te n  trom exan plasm as were 
examined in  the one exp erim en t. The f a c to r  V was 
prepared  from each o f  th e se  plasm as and the a c t iv a t io n  
o f  prothrom bin s tu d ie d . The con tin u ou s l in e  i s  the mean 
o f  th e  r e s u l t s  from th e f a c to r  V o f  th e  trom exan p lasm as. 
The d isc o n tin u o u s  l i n e s  r e p r e se n t  th e  a c t iv a t io n  by  
th e  f a c to r  V from th e  norm al.
Thrombin 100%
*41 units.
1 2 -
1 0 75°/,
2 4 53 6 7 8
Time in minutes.
'■ f i d  -
The l e v e l s  o f  prothrom bin and fa c to r  VII on the c e s s a t io n  
o f  th e r a p y .
In  two p a t ie n t s  th e  r e tu r n  o f prothrom bin and fa c to r  
VII a f t e r  th e  te r m in a tio n  o f  th erap y  i s  shown in  f ig u r e  
T h is r e p r e se n ts  th e  mean o f  two o b s e r v a t io n s .
In  one p a t i e n t ,  under th e  e f f e c t  o f trom exan, who had 
a l e v e l  on QuickCs o n e -s ta g e  t e s t  o f  l e s s  th a n  5%  f o r  some 
days and in  whom b le e d in g  had occu rred , th e  e f f e c t  o f  a mas­
s iv e  dose o f  v ita m in  was s tu d ie d  (1000 m g ,) . The r a p id  
r e tu r n  o f  b o th  th ese  f a c t o r s  towards normal can be observed  
in  F igu re  6~o .
The a c t io n  o f  v itam in  K-^  i s  s tu d ie d  in  g r e a te r  d e t a i l  
in  Chapter Z^f- .
F a cto r  V in  Tromexan T herapy.
There have been r e p o r ts  th a t p a rt o f  th e  d e fe c t  in  
coumarin plasm a i s  a t t r ib u ta b le  to  a d e f ic ie n c y  o f  f a c to r  V 
(Olwin 1 9 4 9 ) . In  two experim ents d e sc r ib ed  in  d e t a i l  in  the  
Appendix no e v id en ce  was found o f  any d e f ic ie n c y  o f f a c t o r  V . 
The r e s u l t s  are shown in  F igu res
E f f e c t  o f  s to ra g e  o f  tromexan plasm a on the c lo t t in g  tim e by 
Q u ick ’s t e s t .
When Q u ick ’s t e s t  i s  perform ed on tromexan plasma w hich  
has been  sto r ed  in  the deep fr e e z e  th e  c lo t t in g  tim e sh o r te n s  
and the p ercen ta g e  as read  o f f  a d i lu t io n  curve becomes 
g r e a te r  (See appendix - page ) .
Figure (53)
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n r e  (5?)
- E f f e c t  o f  c a l c iu m  c o n c e n t r a t i o n  on th e  o n e - s t a g e  
c lo t t i n g  tim e o f  trom exan plasm a.
O rdinate -  C lo t t in g  tim e in  seco n d s.
A b sc is sa  -  C on cen tra tion  o f  ca lc iu m .
B and C were th e  c l o t t i n g  tim es o f  th e  trom exan  
plasm as w ith  th e  v a ry in g  c o n c e n tr a t io n s  o f  ca lc iu m .
A r e p r e se n ts  the c l o t t i n g  t im es  o f  a normal p lasm a5 
w ith  th e  d i f f e r e n t  c o h c e n tr a tio n s  o f  ca lc iu m .
i.
75
65
45
• /  -
Calcium c o n c e n tr a tio n  and th e  o n e -s ta g e  c lo tt in g ;  tim e o f  
trom exan p la sm a .
I t  w i l l  be se en  from f ig u r e  S 5  th a t th e  response in  
the c lo t t in g  tim e o f  th e  tromexan plasm a to  v a ry in g  concen­
tr a t io n s  o f  ca lc iu m  was s im ila r  to  the norm al.
O ne-stage tech n iq u es and th e  c o a g u la tio n  d e f e c t  caused  by  
trom exan.
The c le a r  cu t p a tte r n  o f  g r o ss  F actor V II d e f ic ie n c y  
a s s o c ia te d  w ith  s l ig h t  and o f te n  in s ig n i f i c a n t  r e d u c tio n  in  
prothrom bin in  th e se  patients^ m ay come as a su r p r is e  to  th o se  
fa m il ia r  w ith  th e  use o f  o th er  methods which purport to  
measure prothrom bin. By other methods the l e v e l  o f  p r o ­
throm bin in  th e  b lo o d  o f  p a t ie n t s  tr e a te d  w ith  coumarin drugs 
i s  ap p aren tly  much low er than th a t  record ed  in  t h i s  in v e s t ig a ­
t io n .
(a ) O ne-stage methods w ith  an e x c e ss  o f  fa c to r  V I I .
Even u s in g  o n e -s ta g e  methods in  which an e x c e ss  o f  
f a c to r  V II i s  added t o  th e  c lo t t in g  m ixture th e  record ed  
l e v e l  o f  prothrom bin i s  low er than th a t  g iv e n  by the two 
methods u sed  h e r e . See appendix p a g e i n S u c h  methods 
have been  d e sc r ib e d  by K o ller  e t  a l  1951 and Owren and Aas 
1951 . A m o d if ic a t io n  o f  th e ir  tech n iq u e was used  in v o lv in g  
the s u b s t i t u t io n  o f  adsorbed normal plasm a as the source o f  
fa c to r  V and f ib r in o g e n  in  p la c e  o f  S e i t z ; - f i l t e r e d  ox plasm a.
The rea so n  fo r  th e  d iscrep a n cy  i s  not clear^ but i t  must be  
r e a l i s e d  th a t  a lth ou gh  o n e -s ta g e  methods are t e c h n ic a l ly  
sim ple t h e i r  in t e r p r e ta t io n  u s in g  d i lu t io n  curves i s  com plex. 
The two m ethods o f  prothrom bin a ssa y  used  in  t h i s  in v e s t ig a ­
t io n  g iv e  c lo s e  agreem ent and have a sound t h e o r e t ic a l  b a s i s .  
(B iggs and D ouglas 1953 , D ouglas and B iggs 1 9 5 3 ); i t  i s  th e  
a u th o r ’s b e l i e f  th a t  fo r  reason s unknown th e  o n e -s ta g e  
te c h n iq u e s , even th o se  m o d ified  by th e  a d d it io n  o f  serum may 
g iv e  f a l s e l y  low v a lu e s  when used  fo r  the measurement o f  
prothrom bin.
(k ) P re in cu b a tio n  o f  b ra in  and serum.
T hird  day tromexan plasm a w ith  a o n e -sta g e  c lo t t in g  
tim e o f  7 5 ” (normal 1 9 ” ) and normal p roth rom b in 'con ten t was 
used  as su b s tr a te  in  com parison w ith  normal p lasm a.
In cu b a tio n  m ixture 0 .3  B ra in  0 .3  normal serum
0 .3  C aC1g
At s ta te d  in t e r v a ls  0 .1  m l. o f  t h i s  in c u b a tio n  m ixture  
and a fu r th e r  0 .1  m l. o f  ni/40 CaClg were added s im u lta n eo u sly  
to  th e  s u b s t r a t e .
30” 1 2 3 4 6
S u b str a te
Normal plasm a 10 9 10 9 9 11
Tromexan plasm a 10 8 10 10 10 13
Comment -  the c lo t t in g  tim e o f  the tromexan su b s tr a te
was e s s e n t i a l l y  th e  same as the norm al.
When t h i s  tech n iq u e  was a p p lie d  as a p o s s ib le  measure 
o f prothrom bin, read in g  th e  r e s u l t s  from a d i lu t io n  c u rv e , 
the q u a n tity  reco rd ed  was to o  low when compared w ith  th e  
g lo b u lin  f r a c t io n  tec h n iq u e . The speed o f c lo t t i n g  o f  th e  
tromexan plasm a was norm al, when the serum and b r a in  have 
been  p rein cu b ated ^ p rov id ed  the tromexan plasm a co n ta in ed  a 
normal amount o f  prothrom bin.
(c ) U sin g  b lo o d  th ro m b o p la stin .
The same tromexan p lasm a, w ith  normal prothrom bin con­
te n t  was used  a g a in  as su b s tr a te  (7 5 ,f -  o n e -sta g e  c lo t t in g  
tim e as compared w ith  19M fo r  th e  c o n t r o l ) .
In cu b a tio n  m ix tu r e -0 .3  p l a t e l e t s ,  0 .3  a d s . normal 
plasm a l / 5 ,  0 .3  normal serum l / l O ,  0 .3  m/40 GaClg. At 
in t e r v a ls  as shown 0 .1  added to  su b s tr a te  to g e th e r  w ith  sim ­
u lta n eo u s a d d it io n  o f  0 .1  o f  m/40 CaClg.
1 2 3 4 5 6
S u b stra te
Normal plasm a 9 9 8 9 9 9
Tromexan plasm a 8 9 9 8 9 9
P rovided  th e  prothrom bin co n ten t i s  norm al, the r e a c t io n  
o f  th e  tromexan plasma to  the b lo o d  th rom b op lastin  i s  norm al. 
When t h is  tech n iq u e  was a p p lied  to  th e  measurement o f  p ro ­
throm bin, the r e s u l t  b e in g  read  from a d i lu t io n  curve the  
answer a g a in  was to o  low when compared w ith  th e  g lo b u lin
F ig u r e  (54 )
C l o t t i n g  t im e s  o f  t rom exan  p lasma u s i n g  
prepared plasm a th ro n iD o p la s t in  p lo t t e d  a g a i n s t  
prothrom bin co n ten t by the g lo b u lin  f r a c t io n  tech n iq u e  
Case A.
O rdinate -  c lo t t i n g  tim es  in  seco n d s .
A b sc is sa  -  prothrom bin c o n te n t .
Clotting time
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C lo tt in g  t im e s o f  t rom exan  p lasma u s i n g  p r e p a r e d  
plasm a th ro m b o p la stin  p lo t t e d  a g a in s t  prothrom bin  
c o n ten t by th e  g lo b u lin  f r a c t io n  tech n iq u e  -  mean o f  
c a se s  C and D.
O rdinate -  c l o t t i n g  tim es  in  seco n d s .
A b sc is sa  -  prothrom bin c o n te n t .
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F igu re (56)
C l o t t i n g  t im e s  o f  t rom exan  p lasma u s i n g  p r e p a r e d  
plasm a tn ro m b o p la stin  p lo t t e d  a g a in s t  prothrom bin  
c o n te n t by th e  g lo b u lin  f r a c t io n  tech n iq u e  -  ca se  F. 
O rdinate -  c lo t t i n g  tim es in  seco n d s.
A b sc is sa  -  prothrom bin c o n te n t .
Clotting time
17-
15 -
13-
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F ig u r e  (5 7 )
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C lo t t in g  t im e s  o f  trom exan plasm a u s in g  p r e p a r e d  
plasm a th ro m b o p la stin  p lo t t e d  a g a in s t  prothrom bin  
co n ten t by th e  g lo b u lin  f r a c t io n  tech n iq u e  -  mean o f  the  
t o t a l  number o f  o b s e r v a t io n s .
O rdinate -  c lo t t i n g  t im e s  in  seco n d s.
A b sc is sa  -  prothrom bin c o n te n t .
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Comparison o f  p r o t h r o m b i n  a s s a y  d u r i n g  1 4  d a y s  
o f  trom exan t h e r a p y ,  w h e n t h e  p r o  t h r  o m b i n  v a - s  a s s a y e d  
by th e  g lo b u lin  f r a c t io n  method and on a o n e -s ta g e  
tech n iq u e  w ith  plasm a th ro m b o p la stin .
O rdinate -  p ercen ta g e  prothrom bin.
A b sc is sa  -  tim e in  d a y s.
I — •  -  p ercen tage  prothrom bin by the g lo b u lin  
f r a c t io n  te c h n iq u e .
O— O - p ercen tage  prothrom bin u s in g  a o n e -s ta g e  
tech n iq u e  w ith  plasm a th ro m b o p la stin  and a d i lu t io n  
curve w ith  adsorbed plasm a as a d i lu e n t .
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f r a c t io n  tech n iq u e (se e  ap p en d ix ). When th e  c lo t t in g  t im es  
by t h i s  method are p lo t t e d  a g a in s t  the prothrom bin co n ten t  
as e s tim a te d  by the g lo b u lin  f r a c t io n  tech n iq u e  th e  p o in ts  
l i e  on a s t r a ig h t  l in e  (F ig u r e s s * ,^ ,5 ^ , 5 7  ) .  T h is s u g g e s ts
th a t th e  method does r e f l e c t  the v a r ia t io n  in  prothrom bin  
c o n te n t , b u t the r e s u l t  cannot be recorded  from a d i lu t io n  
c u r v e . The r e s u l t s  in  one p a t ie n t  fo llo w e d  in  t h i s  way 
from a d i lu t io n  curve are shown in  f ig u r e  5*3 . I t  w i l l  be 
se en  th a t the a ssa y  i s  low as compared w ith  the tru e  p ro ­
throm bin a ssa y  by th e  g lo b u lin  f r a c t io n  m ethod.
(d) R u s s e l l fs V iper Venom and L e c ith in  m ethod.
Lamb (1903) observed th a t  R u s s e l l ’s v ip e r  venom was 
alm ost d ev o id  o f th ro m b in -lik e  a c t i v i t y  and the immensely 
p ow erfu l th r o m b o p la s t in - lik e  a c t io n  o f  the venom was la r g e ly  
overlook ed  u n t i l  M acfarlane and B arn ett (1934) r e - in v e s t ig a t e d  
i t s  p o s s i b i l i t i e s .  I t  has found g en era l use as a h a em o sta tic  
and was made a v a i la b le  com m ercially  by Burroughs Welcome under 
the trad e  name o f S typ ven . At f i r s t  such p re p a r a tio n s  were 
thought t o  have some advantages over th e  t i s s u e  throm boplas­
t i n s  in  Q uick’s tec h n iq u e . The venom was s ta b le  when d r ied  
and r e a d i ly  a v a i la b le  com m ercia lly . The p rep a ra tio n  was o f  
r e l a t i v e l y  uniform  p otency  whereas t i s s u e  th rom b op lastin s  
were v a r ia b le .  F u lle r to n  (1940) d e sc r ib e d  i t s  use in  a 
o n e -sta g e  tech n iq u e , and i t s  use su b seq u en tly  rep o rted  by
Page e t  a l  (1941 a & b ) ,  Page and de Beer (1943)
Shapiro  e t  a l  (1 9 4 2 ) .
Trevan and M aefarlane (1936) found th a t  the a c t io n  o f  
the venom was g r e a t ly  p o te n t ia te d  by the u se  o f  l e c i t h i n .  
M aefarlane (1938) observed  th a t  plasma d ep rived  o f  p l a t e l e t s  
by h ig h  sp eed  c e n tr ifu g a t io n  was on ly  s lo w ly  c lo t t e d  by  
venom, w h ile  M aefarlane e t  a l  (1941) showed th a t th e  rem oval 
o f  l ip o i d  from plasm a in h ib it e d  i t s  c o a g u la tio n  by venom.
T h is cou ld  b e  r e s to r e d  by the a d d it io n  o f  va r io u s l ip o i d  
su b sta n ces  in c lu d in g  l e c i t h i n .  In  1942 W itts  and Hobson 
su g g ested  the use o f  venom and l e c i t h i n  m ixture as a thrombo­
p l a s t i n  fo r  th e  o n e -sta g e  m ethod. Such a m ixture sh o rte n s  
th e  prothrom bin time to  6 -7  seco n d s . With th e  advent o f  
dicum arin therapy i t  became more obvious th a t  venom and l e c i t h i n  
d id  n ot g iv e  r e s u l t s  comparable to  th o se  o b ta in ed  w ith  b r a in .  
W itts  (1942) e stim a ted  th e  prothrom bin tim e in  a dog f o l lo w ­
in g  a la r g e  dose o f  d icoum arin and found th a t  w ith  venom and 
l e c i t h i n  the apparent d ecrea se  in  prothrom bin was l e s s  than  
was th e  case  i f  b ra in  was used fo r  th e  e s t im a t io n s . E vidence  
was produced by B iggs and M aefarlane (1949) to  show th a t  
R u s s e l l ’s v ip e r  venom w ith  l e c i t h i n  was a l e s s  s e n s i t iv e  
e s t im a t io n  o f  th e  e f f e c t  o f  dicoum arin therapy than was b r a in .
In  1948 Lempert rep orted  two ca ses  under treatm ent w ith  
dicum arol where b r a in  record ed  10 per cen t prothrom bin whereas
F i g u r e  (5 9 )
C lo tt in g  tim es o f  trom exan plasm a u s in g  R u s s e l l ' s  
V ip ef Venom w ith  l e c i t h i n  as the sou rce  o f  th rom b op lastin  
p lo t t e d  a g a in s t  prothrom bin c o n te n t by the g lo b u lin  
f r a c t io n  te c h n iq u e . (64  o b se r v a tio n s  on 5  c a s e s  on 
trom exan ).
O rdinate -  c lo t t i n g  t im es  i n  seco n d s.
A b sc is sa  -  prothrom bin c o n te n t .
Clotting times
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C o m p a r i s o n  o f  p r o t h r o m b i n  a  s. s a y  c l u r i  n g  1 4  d a y s  
o f  tromexan th erap y  w ith  th e  c lo t t in g  t i m e s  o n  t h e  
R u s s e l l 1s V iper V enom -L ecith in  te c h n iq u e .
O rdinate -  p ercen ta g e  prothrom bin or fa c to r  VII 
and th e  c lo t t i n g  tim e by th e  R ,V .V .-L e c ith in  tec h n iq u e .
A b sc is sa  -  tim e in  d a y s.
0  o -  d o t t i n g  t im es  R .V .V .-L e c ith in  m ethod.
§—— •  -  prothrom bin co n ten t by the g lo b u lin  
f r a c t io n  te c h n iq u e .
X— -X -  fa c to r  V II c o n te n t .
C lotting Percentage , , .
times Sec , protnrombin & factor vu
RyV7-4oo
I I ------
t 1 r
4 6
Time
8 io 
in days
12 14
F ig u re  (61)
Comparison o f  prothrom bin a s s a y  during; 14 days o f  
trom exan th erap y  w itn  une c lo t t in g  tim es on the R u s s e l l  
V iper V enom -L eeith in  tech n iq u e  read  from a d i l u t i o n  
curve where the d i lu e n t  was adsorbed normal plasm a.
O rdinate -  p ercen ta g e  prothrom bin.
A b sc is sa  -  tim e in  d ays.
# ......  •  -  prothrom bin co n ten t by th e  g lo b u lin
f r a c t io n  te c h n iq u e .
0------ 0 -  prothronb in  c o n ten t by th e  R u s s e l l  f s
V iper V enom -L ecith in  m ethod, read  from a d i lu t io n  
curve where the d i lu e n t  was adsorbed normal p lasm a.
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F u lle r to n ’ s tech n iq u e  recorded 25 and 35% r e s p e c t iv e ly .
F iv e  c a se s  on tromexan were fo llo w e d  d a i ly  f o r  
fo u r teen  days and some 64 o b ser v a tio n s  made on th e  g lo b u lin  
f r a c t io n  method of m easuring prothrom bin, and th e  o n e -s ta g e  
t e s t  u s in g  b ra in  and R u s s e l l ’ s v ip e r  venom w ith  l e c i t h i n .
A mean prothrombin con ten t as estim a ted  by th e  g lo b u lin  
f r a c t io n  method was then  made and r e la te d  to  th e  r e s p e c t iv e  
c lo t t in g  tim e by th e  R .V .V .- le c .t e c h n iq u e . When th e s e
were p lo t t e d  a g a in s t  each o th e r  a s tr a ig h t  l in e  r e la t io n s h ip  
was e s ta b l is h e d . This i s  reason ab le  ev id en ce  th a t  th e  
venom l e c i t h in  method r e f l e c t s  th e  prothrom bin co n ten t  
(Figure 59 and T a b le /o  ) .  When th e  mean, c lo t t in g  tim e  
f o r  each day o f th erap y  was p lo t t e d  w ith  th e  prothrom bin  
con ten t f o r  th a t  day th e  s im i la r i t y  o f  th e  p a tte r n  i s  
very  s tr id in g  (F ig . 60 ) .
TABLE fO
g lo b u lin  D ilu t io n
F ra c tio n  Curve
7" 93 100
8" 80 50
9” 74 35
10” 58 30
11" 53 25
12” 50 20
1311 39 17
A d i lu t io n  curve of normal plasma by alum ina-adsorbed  
plasma was prepared and t h i s  gave r e s u l t s  u s u a l ly  somewhat 
low er than th e  tru e  prothrom bin reading as determ ined by th e  
g lo b u lin  fr a c t io n  tec h n iq u e .
(S O ~
The r e s u l t s  o f th ese  in v e s t ig a t io n s  in d ic a te  t h a t ,  
l ik e  b lood  th ro m b o p la stin , the R .V .V . and l e c i t h i n  m ethod, 
r e f l e c t s  the change in  prothrom bin co n ten t b u t th a t  t h i s  
cannot be a ssayed  from a d i lu t io n  cu rve. N e v e r th e le s s ,  o f  
a l l  th e  o n e -sta g e  tec h n iq u es  the R .V .V. and l e c i t h i n  r e s u l t ,  
read  from a d i lu t io n  curve made w ith  adsorbed p lasm a, was 
n e a r e s t  to  g iv in g  a tru e  read in g  o f  prothrom bin c o n te n t .
In  one experim ent u s in g  t h i s  method th e  mean prothrom bin  
con ten t o f  13 tromexan plasma sam ples by th e  R .V .V . l e c i t h i n  
tech n iq u e was 70$ as compared w ith  the mean v a lu e  by th e  
g lo b u lin  f r a c t io n  method o f  80$ . ( se e  appendix pages in - lb ) .
P ig . Gf i l l u s t r a t e s  one example where the r e s u l t  was f o l ­
lowed d a i ly  by t h i s  te c h n iq u e . Mawson (1949) su g g e s te d  
th a t th e  v e n o m -le c ith in  method m ight g iv e  a m easure o f  p r o ­
throm bin. I t  i s  probable from th e se  exp erim en ts th a t  b r a in  
th rom b op lastin  i s  s e n s i t iv e  to  fa c to r  V II d e f ic ie n c y ,  th e  
main d e fe c t  in  coumarin therap y and i t  i s  fo r  t h i s  r ea so n  
o f  g rea t va lu e  in  c o n tr o l l in g  therap y w ith  th e se  d ru g s. In  
com parison the v e n o m -le c ith in  method and formed b lood  thrombo­
p l a s t i n  are in s e n s i t iv e  to  the fa c to r  V II and th ey  m ainly  
r e f l e c t  the l e s s e r  d e f ic ie n c y  o f  prothrom bin.
The e f f e c t  o f R u s s e l l*3 v ip e r  venom on th e  shape o f  th e  
tw o -sta g e  curve on tromexan th e ra p y .
When R u s s e l l ' s  v ip e r  venom i s  added t o  tromexan plasma  
and the tw o -s ta g e  t e s t  w ith  b r a in  c a r r ie d  out i t  w i l l  be seen
F ig u re  (62)
T l i e  e f f e c t  o f  R u s s e l l ’ s  V i p e r  V e n o m  ( R . V . V . )  o n  
th e  shape o f  t h e  tu o -s ta g e  curve on trom exan th era p y . 
O rdinate -  Thromoin u n i t s .
A b sc is sa  -  In cu b a tio n  tim e in  m inu tes a f t e r  
^ ad d ition  o f  ca lc iu m .
• -------•  Tromexan plasm a a lo n e .
Q——.Q Tromexan p la sm a+ R .V .V .
Thrombin units
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th a t  th e  i n i t i a l  d e la y  in  prothrom bin appearance i s  c o r ­
r e c te d . This e x p la in s  the r e l a t i v e l y  sh o rt o n e -s ta g e  c l o t ­
t in g  tim e o f  trom exan plasm a w ith  R u s s e l l ’s v ip e r  venom.
The r e s u l t s  o f  one o b ser v a tio n  on t h i s  are shown in  F i g . ^  
and g iv e n  in  d e t a i l  in  th e  exp erim en ta l appendix 7^9.
B lood  T hrom boplastin  in  coumarin th e r a p y .
When i t  was b e l ie v e d  th a t th e  coumarin drugs produced  
a v ery  marked r ed u c tio n  in  prothrom bin the mechanism o f  the  
c o a g u la t io n  d e fe c t  was easy  t o  un derstand . Now th a t  i t  i s  
c le a r  t h a t  the d e f ic ie n c y  o f prothrom bin i s  l im it e d ,  i t  has  
become n e c e ssa r y  to  r e a s s e s s  the nature o f the in te r fe r e n c e  
produced by trom exan. I t  i s  c le a r  th a t  th ere  i s  a marked 
d e f ic ie n c y  o f  fa c to r  V II and th a t  t h i s  su b stan ce i s  e s s e n t i a l  
fo r  th e  a c t io n  o f  b r a in  th rom b op lastin . The ev id en ce  th a t  
trom exan in t e r f e r e s  w ith  t i s s u e  th rom b op lastin  in  v ir tu e  o f  
d e p r e ss io n  o f  fa c to r  V II , g iv e s  an incom plete  in d ic a t io n  o f  
th e  d istu rb a n ce  w ith  p h y s io lo g ic a l  c l o t t i n g .  The r e la t iv e  
im portance o f  th e  t i s s u e  mechanism as compared w ith  th e  
b lo o d ’s own th rom b op lastin  system  in  p h y s io lo g ic a l  haemo­
s t a s i s  i s  u n c e r ta in . I t  i s  probable th a t  th e  b lo o d ’s own 
th rom b op lastin  system  i s  a t  l e a s t  as im portant as the t i s s u e  
mechanism. The nature o f any in te r fe r e n c e  by trom exan w ith  
the c lo t t in g  o f  b lood  under i t s  own or i n t r in s i c  thrombo­
p l a s t i n  had to  be determ ined . There i s  a v a ila b le  one
F ig u r e  (6 3 )
Prothrom bin c onsum pt ion  i n  trom exan b l o o d .  
O rdinate -  p ercen ta g e  prothrom bin.
A b sc is sa  -  tim e in  m inutes a f t e r  w ithdraw al o f  
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0— 0 trom exan b lood  -  mean o f  20 o b s e r v a t io n s .  
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Percentage prothrom bin
40-
2 0 -
30 45 60
Time in minutes
tech n iq u e fo r  stu d y in g  d ir e c t ly  the in te r fe r e n c e  w ith  
th rom b op lastin  form ation  and a number o f o th er  l e s s  s p e c i f i c  
and l e s s  s e n s i t iv e  procedures w hich r e f l e c t  an o v e r a l l  d e ­
f i c i e n c y  o f  i n t r in s i c  th ro m b o p la stin . The d ir e c t  method 
o f approach i s  th e  th rom b op lastin  g e n e r a tio n  t e s t  and the  
o th e rs  in c lu d e  the whole b lood  c lo t t in g  t im e , ca lc iu m  c l o t ­
t in g  tim e , prothrom bin consum ption and th e  throm bin g en era ­
t io n  t e s t .  These l a t t e r  t e s t s  g iv e  no in fo rm a tio n  about 
in d iv id u a l f a c to r s  but record  th e  degree o f  abn orm ality  r e ­
g a r d le s s  o f  i t s  ca u se .
Whole B lood C lo t t in g  T im e.
In  T able M i s  shown a com parison betw een th e  whole 
b lood  c lo t t i n g  tim es (Lee and W hite method) in  normal b lo o d  
and in  trom exan b lo o d .
Table 11
Normal Tromexan
G lass S i l ic o n e G la ss S i l i c o n e
6 11 7 f 2 8 1
(Mean o f  17 o b s e r v a t io n s ) .
The w hole b lood  c lo t t in g  tim e in  s i l i c o n e  in  trom exan th erap y  
i s  pro lon ged  in  some in s ta n c e s  very  m arkedly, b lo o d  b e in g  
v ir t u a l ly  in c o a g u la b le  in  s i l i c o n e .  ( s e e  page 15Z  o f  the
- / S d -
appendix) - tech n iq u e (1 ) was em ployed.
Calcium C lo tt in g  Tim e.
In one p a t ie n t  fo llo w e d  d a i ly  the ca lciu m  c lo t t i n g  
tim e became prolonged  p a r t ic u la r ly  so  tow ards th e  end o f  
th e  second week o f th era p y . In  a fu r th e r  experim ent on 
th e  r o u tin e  specim ens c o l l e c t e d  on the one day from p a t ie n t s  
on trom exan th e  p r o lo n g a tio n  o f  th e  ca lc iu m  c lo t t i n g  tim e  
i s  dem onstrated  (pageS?d5-4 •
Prothrom bin Consumption T e s t .
I f  the prothrom bin consum ption t e s t  i s  u sed  as an in d ex  
o f  th rom b op lastin  e f f i c ie n c y  th e r e  i s  a s l i g h t  d e la y  in  p r o ­
thrombin consum ption dem onstrable as an average o f 20 t e s t s  
on normal b lo o d  and 20 t e s t s  on th e  b lo o d  o f  p a t ie n t s  t r e a te d  
w ith  tromexan (P ig . 63 ) ,  but no s ig n i f i c a n t  d if f e r e n c e  
can be dem onstrated on s in g le  sam p les. The prothrom bin  
consum ption techn iqu e i s  th a t  d e sc r ib ed  by D ouglas and B ig g s  
1953 and i s  g iv e n  in  d e t a i l  in  the appendix .
The specim ens ch osen  fo r  t h i s  in v e s t ig a t io n  were s e le c t e d  
a t  random from p a t ie n t s  on r o u tin e  th era p y . No attem pt was 
made to  s e l e c t  p erson s most markedly under the e f f e c t  o f  
th e se  drugs. The tech n iq u e u sed  i s  th e  on ly  one w hich i s  
s u ita b le  fo r  the assessm ent o f prothrom bin under th e  p a r t ic u la r  
c ircu m sta n ces . I t  a llo w s s u f f i c i e n t  tim e fo r  the d e f ic ie n c y
F ig u r e  (6 4 )
I.rare  (S4)
Thrombin g e n e r a t io n  from normal b lo o d  and 
trom exan b lo o d .
O rdinate -  Thrombin u n i t s .
A b sc is sa  -  Time in  m in u tes.
C ontinuous l in e  = norm al.
D isco n tin u o u s l in e  = trom exan.
A z r e le a s e  o f  throm bin from prothrom bin in  plasma  
under th e  in f lu e n c e  o f  b r a in  e x tr a c t  and ca lc iu m .
B s  r e le a s e  o f  throm bin from prothrom bin in  whole 
b lo o d  under th e  in f lu e n c e  o f  th e  b lo o d 1s own 
th ro m b o p la stin  -  in  th e  throm bin g e n e r a t io n  te c h n iq u e .
(Mean o f  5 o b s e r v a t io n s ) •
Thrombin units
14-
12-
1 0 -
r  * i  
8
"i— i— V  ,
IO 12 142 4 6
Time in minutes
- / S4  -
of* fa c to r  VII to  cause f u l l  a c t iv a t io n  o f  th e  prothrom bin .
Thrombin G en eration  T e s t .
F iv e  p a t ie n ts  were examined by th e  area  two- s ta g e  t e s t  
and by th e  throm bin g e n e r a tio n  t e s t .  The r e s u l t s  are shown 
in  F ig . 6^ . I t  w i l l  be se e n  th a t  a llo w in g  fo r  th e  d e f i c ­
ien cy  o f  prothrom bin th ere  was no g r e a t  d if f e r e n c e  betw een  
the tromexan b lo o d  and th e  normal b lo o d . I t  may be con­
cluded  from t h i s  th a t  th e r e  was no d e la y  in  th e  form ation  
o f  i n t r in s i c  th ro m b o p la stin , dem onstrable by t h i s  t e s t .
T h is experim ent a ls o  makes an in t e r e s t in g  com parison  
betw een th e  r e le a s e  o f  throm bin under th e  in f lu e n c e  o f  b r a in  
th rom b op lastin  and under th e  a c t io n  o f  i n t r in s i c  thrombo­
p l a s t i n .  The areas e n c lo se d  by th e  tromexan cu rves when 
compared w ith  i t s  corresp ond ing  normal show a s to n is h in g  
agreem ent.
Area -  by b r a in  in  tw o -s ta g e  t e s t  = 57$ norm al. 
ft tf thrombin g e n e r a tio n  M = 60$  11
Throm boplastin G en eration  T ech n iqu e.
As p r e v io u s ly  d e sc r ib ed  a pow erfu l b lo o d  th ro m b o p la stin  
can be prepared by in cu b a tin g  to g e th e r  normal adsorbed p lasm a, 
p l a t e l e t s  and normal serum in  the p resen ce  o f  ca lc iu m  c h lo r ­
id e  .
F ig u r e  (6 5 )
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T h ro m b o p la stin  g e n e r a t io n  u s in g  trom exan serum . 
O rd in a te  -  p e r c e n ta g e  th r o m b o p la s t in .
A b s c is s a  -  tim e i n  m in u tes  a f t e r  a d d it io n  o f  ca lciu m . 
T h ro m b o p la stin  g e n e r a t io n  t e s t  w ith  norm al 
adsorbed plasm a and p l a t e l e t s  c o n sta n t and th e  serum 
v a r ia b le .  Mean o f  f i v e  o b s e r v a t io n s .
# --------•  normal serum.
0  o trom exan serum.
1 2 0 -
IOO-
80-
60*
40-
2 0 -
1 2  3 4 5 6
Time in m inutes
F ig u r e  ( 6 6 )
T hrom boplastin  g e n e r a t io n  using- trom exan serum.
O rdinate -  p ercen ta g e  th r o m b o p la stin .
A b sc is sa  -  tim e in  m in u tes a f t e r  a d d it io n  o f  calcium .
T hrom boplastin  g e n e r a t io n  t e s t  w ith  normal 
adsorbed plasm a and p l a t e l e t s  c o n sta n t  and th e  serum 
v a r ia b le .
1 -  5 : -  r e p r e se n t  Days 1 -  5 o f  th erap y  w ith  
trom exan. Mean o f  s i x  o b s e r v a r io n s .
%Thromboplastin
1 0 0 -
80-
40-
6
Time in minutes
F a ilu r e  o f  tromexan serum t o  form b lo o d  t h ro m boplast i n .
I f  in  t h i s  system  th e normal serum i s  r e p la c e d  by serum  
from a p a t ie n t  t r e a te d  w ith  tromexan the a b i l i t y  o f  th e  
m ixture t o  form th ro m b o p la stin  i s  u s u a lly  much l e s s  th an  
th a t  o f th e  m ixture c o n ta in in g  normal serum. The mean r e ­
s u l t  o b ta in ed  w ith  f i v e  normal sera  and f i v e  se r a  from  
p a t ie n t s  r e c e iv in g  trom exan i s  shown in  F ig u re  . The 
r e s u l t s  are ex p ressed  in  term s o f  p ercen ta g e  o f  b lood  
th ro m b o p la stin . The se r a  were c o l l e c t e d  under i d e n t i c a l  
c o n d it io n s  and each was examined in  a d i lu t io n  o f  one in  
t e n .  I t  w i l l  be seen  th a t  th e  trom exan sam ples are much 
l e s s  e f f i c i e n t  in  producing th ro m b o p la stin  th a n  are th e  
normal sa m p les.
In  f ig u r e  6 (o i s  shown th e  p r o g r e s s iv e  e f f e c t  o f  th erap y  
on s u c c e s s iv e  days as judged by th e  e f f e c t  o f  th e  r e s p e c t iv e  
se r a  on th ro m b o p la stin  g e n e r a t io n . The q u a n t i ta t iv e  a ssa y  
o f t h i s  p ro p er ty  o f  tromexan serum i s  n o t ea sy  but an ap­
proxim ate measure can be o b ta in ed  by comparing th e  e f f e c t  
o f a o n e - in - t e n  d i lu t io n  o f  trom exan serum w ith  th e  e f f e c t  
o f a range o f  d i lu t io n s  o f  normal serum v a r y in g  from o n e -in -  
t e n  t o  o n e - in - f iv e  hundred. Thus i f  t h e  o n e - in - t e n  d i l u ­
t io n  o f trom exan serum corresp on d s in  i t s  e f f e c t  w ith  the  
o n e-in -o n e  hundred d i lu t io n  o f  normal serum th e  trom exan  
serum would be sa id  t o  have 10 per cen t o f  th e  normal a b i l i t y
F ig u r e  (6 7 )
T h r o m b o p la s t in  g e n e r a t io n  u s in g  tro m ex a n  seru m .
O rd in a te  -  p e r c e n ta g e  th r o m b o p la s t in .
A b s c i s s a  -  t im e  i n  m in u te s  a f t e r  a d d i t i o n  o f  ca lcium
T hrom boplastin  g e n e r a t io n  t e s t  w ith  normal 
adsorbed  plasm a and p l a t e l e t s  c o n sta n t  and th e  serum 
v a r ia b le .
6 -  9 s -  r e p r e s e n t  Days 6 -  9 o f  th erap y  w ith
trom exan. Mean o f  s i x  o b s e r v a t io n s .
ioo °/0Thromboplastin
80-
60-
40-
20-
I 2 3 4  5 6
Time in m inu tes
F ig u re  (68)
T h rom b oxo lastin  g e n e r a t io n  u s in g  tro m ex a n  seru m .
O rdinate -  p ercen ta g e  th r o m b o p la stin .
A b sc is sa  -  tim e in  m in u tes a f t e r  a d d it io n  o f  calcium .
T hrom boplastin  g e n e r a t io n  t e s t  w ith  normal 
adsorbed  plasm a and p l a t e l e t s  c o n s ta n t  and th e  serum 
v a r ia b le .
10 -  12 j -  r e p r e se n t  Days 1 0 -12  o f  th erap y  w ith  
trom exan. Mean o f  s i x  o b s e r v a t io n s .
80-
60-
40-
2 0 -
4 6
Time in minutes
F ig u r e  (6 3 )
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T h r o m b o p la s t in  g e n e r a t io n  u s in g  tro m ex a n  serum .
O rdinate -  p ercen ta g e  th r o m b o p la stin .
A b sc is sa  -  tim e in  m in u tes a f t e r  a d d it io n  o f  calcium.
T hrom boplastin  g e n e r a t io n  t e s t  w ith  normal 
adsorbed  plasm a and p l a t e l e t s  c o n sta n t  and the serum 
v a r ia b le .
13 -  14 s -  r e p r e se n t  Days 1 3 -1 4  o f  th erap y  w ith  
trom exan. Mean o f  s i x  o b s e r v a t io n s .
°/0Thromboplastin
100 -
80-
60-
40-
20-
3
Time in minutes
F i g u r e  (70)
T hrom boplastin  g e n e r a t io n  on s a l in e  d i lu t io n s  o f  
normal serum.
O rdinate -  p ercen ta g e  th r o m b o p la s tin .
A b sc is sa  -  tim e  in  m in u tes a f t e r  a d d it io n  o f  calcium* 
This f ig u r e  e x e m p li f ie s  th e  s e r i e s  o f  d i lu t io n  
c u rv es  r e q u ir e d  to  g iv e  a q u a n t i ta t iv e  a ssa y  o f  the  
d e f e c t iv e  th r o m b o p la stin  fo rm a tio n  by th e  trom exan serum. 
W ith each  trom exan serum to  be a ssa y e d , a s e r i e s  o f  curves 
was prepared  in  th e  same ex p er im en t.
40-
50I O O ,120-
40/ /  30OO-
80-
2 0
60-
40-
2 0 -
2-5
432 5 6
Time in minutes
F i g u r e  (71)
T h r o m b o p l a s t i n  g e n e r a t i o n  on s a l i n e  d i l u t i o n s  of  
no rm al  serum.
O r d i n a t e  -  p ercen ta g e  t h r o m b o p l a s t i n .
A b s c i s s a  -  t im e  in  m in u t e s  a f t e r  a d d i t i o n ,  o f  calcium.
T h is f ig u r e  e x e m p lif ie s  th e  s e r i e s  o f  d i lu t io n  curves
\
r e q u ir e d  to  g iv e  a q u a n t i ta t iv e  a s sa y  o f  th e  d e fe c t iv e  
th ro m b o p la stin  fo rm a tio n  by trom exan serum . With each 
trom exan serum to  be a ssa y e d , a s e r i e s  o f  cu rves was 
p repared  i n  th e  same ex p erim en t.
Vo Th rom bop la sti n
140*
120-
100 -
8 0
6 0
40-
2 0 -
IOO
1 2  3 4 5
Tim e in m in u te s
F i g u r e  (7
The e f f e c t  o f  14 days t rom ex an  t h e r a p y  on serum 
t h r  ombo p l a s t i c  ac t  i  v i  t y .
O r d i n a t e  -  p e r c e n t a g e  -  p r o t h r o m b i n ,  f a c t o r  VII  
o r  serum t h r o m b o p l a s t i c  a c t i v i t y .
A b sc is sa  -  tim e in  d a y s .
X------X prothrom bin .
# ------•  serum th r o m b o p la stic  a c t i v i t y .
0 ------o f a c t o r  V II .
Percentage
1 0 0 -
80-
60-
40-
20-
i 2 3 4 5 6 7 8 9 lOl'l 12 13 l'4
Time in days
F ig u re  (73)
#
A n t ih a e m o p h i l ic  g l o b u l i n  c o n t e n t  o f  trom exan plasma. 
O rd in a te  -  p e r c e n ta g e  th rom b ox^ lastin .
A b s c i s s a  -  t im e  i n  m in u te s  a f t e r  a d d i t i o n  o f  ca lc iu m .  
T h r o m b o p la st in  g e n e r a t i o n  t e c h n iq u e  -  sy stem  
r e l a t i v e l y  weak. Normal serum and p l a t e l e t s  c o n s ta n t .
Q— — 0  normal adsorbed  p lasm a.
• -------•  trom exan adsorbed p lasm a.
Percentage
50-
20 *
Time in minutes
F ig u re  (74)
- O rdinate -  p ercen ta g e  th ro m b o p la stin .
A b sc is sa  -  tim e in  m inu tes a f t e r  a d d it io n  o f  ca lc ium  
T hrom boplastin  g e n e r a t io n  tech n iq u e  w ith  normal 
adsorbed plasm a and p l a t e l e t s  c o n sta n t and serum v a r ia b le
•  normal serum.
X- — -X C hristm as serum.
0 — 0 Tromexan serum.
T h is f ig u r e  dem on strates th a t  th e  serum d e f e c t s  
in  th ro m b o p la stin  g e n e r a t io n  o f  C hristm as d is e a s e  and 
trom exan can be o f  equal, s e v e r i t y .
120
i o o -
8 0 -
60-
40-
2 0 -
Time in minutes
F ig u re  (75)
-L. :
Comparison o f  C hristm as serum and trom exan serum 
on th ro m b o p la stin  g e n e r a t io n .
O rdinate -  p ercen ta g e  th r o m b o p la stin .
A b sc is sa  -  tim e in  m in u tes a f t e r  a d d it io n  o f  ca lcium  
T hrom boplastin  g e n e r a t io n  tech n iq u e  w ith  normal 
adsorbed plasm a and p l a t e l e t s  c o n sta n t and serum v a r ia b le  
The se r a  are in d ic a te d  in  th e  f ig u r e  -  norm al, 
trom exan, trom exan and C hristm as.
The experim en t r e p r e se n te d  in  t h i s  f ig u r e  aga in  
d em on strates th a t  th e  serum d e f e c t s  in  th ro m b o p la stin  
g e n e r a t io n  o f  C hristm as d is e a s e  and trom exan can  be o f  
eq ual s e v e r i t y .
normal
IO O -
60-
tromexan
2 0 -
Xmas
2 3 4 5 6 7 8
Time in minutes
F ig u re  (76)
F a ilu r e  o f  trom exan serum and C hristm as serum 
to  he m u tu a lly  c o r r e c t iv e  in  th e  th ro m b o p la stin  
g e n e r a t io n  te c h n iq u e .
O rdinate -  p ercen ta g e  th r o m b o p la stin .
A b sc is sa  7 tim e in  m in u tes a f t e r  a d d it io n  o f  ca lc iu m .
T hrom boplastin  g e n e r a t io n  tech n iq u e  w ith  normal 
adsorbed plasm a and p l a t e l e t s  c o n sta n t;  serum v a r ia b le .
 •  f  norm al.
0— 0 C h ristm as.
X-----X Tromexan.
 •  ■# 50% C hristm as 50% Tromexan.
’/othromboplastin
♦nor
40-
20-
2 5
time in minutes
F i g u r e  ( 7 7 )
The e i l e c t  o f  d in d e v a n  plasma. on t h e  p ro th ro m b in  
co n su m p t io n  o f  C h r i s tm a s  p la sm a .
O r d i n a t e  -  c l o t t i n g  t im e  o f  f i b r i n o g e n  i n  
s e c o n d s .
A b s e is s a  -  in c u b a t io n  t im e  i n  m inutes a f t e r  
r e c a l c i f i c a t i o n .
Prothrombin consum ption o f  r e c a l c i f i e d  plasm a.
  Christm as p lasm a a lo n e .
$----- - •  Christm as plasma 4- d indevan plasm a.
0 ----------q  Christm as plasma +  Mormal plasm a.
lotting time in sec
2 0 -
30
40
50
IO 2 0  3 0  4 0  5 0  6 0
incubation time in minutes
- (Zh-
to  fonn blood th rom b op last in . The d e t a i l s  o f  t h i s  
tech n iq u e  are d e sc r ib e d  in  th e  appendix ^page^ 7&4~d)
F ig u res  70 , 71 , i l l u s t r a t e  two s e r i e s  o f  curves ob ta in ed  
by d i l u t i o n  o f  normal seium . The blood o f  6 p a t i e n t s  
t r e a t e d  w ith  tromexan was t e s t e d  d a i l y  f o r  th e  a b i l i t y  o f  
th e  serum to  fo im  b lood  throm bop lastin  and f o r  i t s  f a c t o r  VII 
co n ten t  u s in g  b ra in  th rom b op last in , ( s e e  f ig u r e s  6 6 ,6 7 ,6 b  
and 6 9 ) .  From F igu re  72 i t  w i l l  be seen  th a t  the  two 
p r o p e r t ie s  are  reduced t o g e th e r ,  (appendix pages 765-770).
T h is  does not o f  cou rse  mean th a t  the two t e s t s  are  
n e c e s s a r i l y  r e f l e c t i n g  th e  same d e f i c i e n c y .
A n tih a em op h ilic  G lob u lin  Content o f  Tromexan Plasma
Three normal plasmas and th r e e  tromexan plasmas were 
e q u a l ly  t r e a t e d  w ith  alumina and th e  adsorbed plasma used  
a s  th e  sou rce  of a n t ih a em o p h ilic  g lo b u l in  in  th e  plasma 
th ro m b op la st in  t e s t .  The r e s u l t s  are  shown in  F i g . 73 
and g iv e n  in  d e t a i l  in  t h e  experim en ta l appendix page 773 •
From t h e s e  r e s u l t s  i t  may be concluded th a t  th e r e  i s  no 
d e f i c i e n c y  o f  a n t ih a em o p h ilic  g lo b u l in  in  th e  tromexan plasm a.
Comparison of coumarin d e fe c t  w ith  th a t  in  Christmas d i s e a s e .
(a )  R e la t io n sh ip  between th e  serum throm bop lastin
d e fe c t  in  coumarin th erap y  and th a t  in  Christmas 
d i s e a s e .
In  Christmas d i s e a s e  th e  serum behaves s im i la r ly  to  tromexan  
serum in  th a t  i t  i s  unable  to  form thx-omboplastin ( s e e  F ig s  .74 & 75
/ £ 7 '
i n  the p resen ce  o f  normal a lu m in a -tr ea te d  plasma and p l a t e ­
l e t s .  These two c o a g u la t io n  d e f e c t s ,  however, are in  o th er  
r e s p e c t s  v e ry  d i f f e r e n t  fo r  in  Christmas d i s e a s e  th e re  i s  a 
normal o n e -s ta g e  nprothrombinn time and th e  whole b lo o d  
c l o t t i n g  time in  g l a s s  i s  not in fr e q u e n t ly  p ro lo n g ed . When 
the  tromexan serum and the Christmas d i s e a s e  serum are mixed  
and u sed  in  th e  th ro m b o p la st in  g e n e r a t io n  t e s t  th e r e  i s  
f a i l u r e  t o  produce s a t i s f a c t o r y  mutual c o r r e c t io n .  (F igure  76 )
( b ) The e f f e c t  o f  dindevan plasma on the  prothrombin  
consumption o f  Christmas p la sm a .
The d e t a i l s  o f  t h i s  experiment are g iv e n  in  th e  appen­
d i x .  The prothrombin consumption o f  Christmas plasma over  
one hour was s tu d ie d  and th e  e f f e c t  observed o f  a d d it io n s  o f  
normal plasma and dindevan plasm a. The r e s u l t s  are shown 
in  f ig u r e  77 • I t  w i l l  be seen  th a t  as compared w ith  th e  
e f f e c t  o f  a d d it io n s  o f  normal p lasm a, the  dindevan plasma  
was very  d e f e c t i v e  in  i t s  a b i l i t y  t o  c o r r e c t  th e  prothrom bin  
consumption o f  Christmas p lasm a. T his i s  very  con v in c in g  
e v id en ce  o f  a Christm as fa c to r  d e f i c i e n c y  in  coumarin drug 
th e r a p y .  The r e s u l t s  o f  on ly  one experim ent are shown and 
t h i s  a sp e c t  w i l l  be d e sc r ib e d  i n  g r e a te r  d e t a i l  in  subsequent  
p u b l i c a t i o n .
( c ) A comparison o f  the  p rop erty  o f  normal or Christmas  
plasma and o f  normal and Christmas serum to  c o r ­
r e c t  the  o n e -s ta g e  c l o t t i n g  time o f  tromexan 
plasm a.
The r e s u l t s  o f  t h i s  are g iv en  in  the appendix - page 7$? . 
The normal and Christmas plasma are e q u a l ly  capable  o f  c o r ­
r e c t in g  the d e f e c t  in  the tromexan o n e -s ta g e  c l o t t i n g  t im e .
The Christmas serum i s  as good as  i t s  plasma hut i s  not so  
good as normal serum in  t h i s  p r o p e r ty .  The Christmas serum 
does not show the enhancement o f  normal serum over normal' 
plasm a.
For example:
A b i l i t y  o f  normal and Christmas plasma t o  c o r r e c t  o n e -s ta g e  
t e s t .
Tromexan plasma 0 + 1 /1 0  + l / l O
normal Xmas
plasma plasma
28 21 21
A b i l i t y  o f  normal and Christmas se r a  t o  c o r r e c t  o n e -s ta g ej.ea^  ' —
Tromexan plasma 0
34
+ 1/10 + 1/10
normal Xmas
serum serum
1 5 i  2 2 i
Figure (78)
p l a  snip, w i t h  a d d i t i o n s  o f  n o rm a l ,  t ro m ex an  and C h r i s tm a s  
d i s e a s e  serum .
■ O r d i n a t e  -  p e r c e n t a g e  t h r o m b o p l a s t i n .
A b s c is s a  -  tim e i n  m inutes a f t e r  a d d i t io n  o f  ca lc iu m .  
The graphs are l a b e l l e d  on the . f i g u r e .  There are 
two r e s u l t s  u s in g  tromexan s e r a .
Percentage
140- normal
tromexan
I O O -
60-
Xmas
20-
Time in minutes
T--------------------1----------------1----------------1---------1-----------------------1--------------r
I 2 3 4 5 6 7
(d) S e p a r a t io n  o f  Christm as f a c t o r  from f a c t o r  VII by
h e a t in g  a t  56° C.
I t  i s  probab le  t h a t  some measure o f  s e p a r a t io n  can be  
ob ta in ed  by h e a t in g  o f  serum t o  56° C. as d e sc r ib ed  by  
A gge ler  e t  a l  (1 9 5 2 ) .  The r e s u l t s  o f  an experim ent d e ­
s ig n e d  t o  t e s t  t h i s  are shown in  th e  app en dix . The r e s u l t s  
are  not c o n c lu s i v e ,  but i t  i s  s u g g e s t iv e  t h a t  in  u n d i lu te d  
serum f a c t o r  VII and Christm as f a c t o r  are bo th  l a r g e l y  d e ­
s tr o y e d  by h e a t in g  w h ile  when d i l u t e d >f a c to r  V II i s  more d e ­
s tr o y e d  than i s  th e  Christm as f a c t o r .  The r e s u l t  o f  h e a t ­
in g  experim ents as  a method o f  se p a r a t io n  o f  c o a g u la t io n  
components i s  u n re l ia b le^ a n d  no f i n a l  c o n c lu s io n s  are drawn 
from t h i s  o b s e r v a t io n .
(e )  When the throm bop lastin  g e n e r a t io n  from Christmas  
d i s e a s e  plasma i s  s tu d ie d  w ith  th e  a d d i t io n  o f  normal 
serum, tromexan serum and Christm as d i s e a s e  serum the r e ­
s u l t s  are as  shown in  f ig u r e  78 . The tromexan serum i s  
not so  e f f e c t i v e  as  the normal serum i n  c o r r e c t in g  the  
C hristm as d i s e a s e  d e f e c t .  The r e s u l t s  o f  t h i s  experim ent  
are i n  p a r t  a m a n i f e s ta t io n  o f  thrombin as  w e l l  as thrombo­
p l a s t i n  p r o d u c t io n .
In  the  appendix (page 7S5~ ) i s  d e sc r ib e d  the  r e s u l t  o f  
a s im i la r  experim ent from se ra  c o l l e c t e d  d a i l y  from a p a t i e n t  
on trom exan. The p r o g r e s s iv e  impairment o f  t h i s  p ro p erty
F i g u r e (7£)
Thromboplast in  g e n e ra t io n  from Tromexan plasma
with  a d d i t io n s  o f  normal, tromexan and Christmas
d ise ase  s e r a .
O rd in a te -p er ce n ta g e  th r o m b o p la s t in .
A b s c is s a  -  tim e i n  m inutes a f t e r  a d d i t io n  o f  
ca lc iu m .
The graphs are l a b e l l e d  on th e  f i g u r e .
IOO serum
• +normal
80-
■ftromexan 
+ xmas
2 3 4
Time in minutes
5 6
- .'9o -
o f  serum  t o  c o r r e c t  t h e  C h r is tm a s  d e f e c t  i s  d e m o n s t r a t e d .
( f )  S im ila r  experim ents were ca rr ie d  out u s in g  tromexan  
plasma w ith  the  a d d i t io n  o f  Christmas serum, normal serum 
and tromexan serum. The r e s u l t s  are shown in  f i g u r e  79 .
The Christm as d i s e a s e  serum does not produce any c o r r e c t io n  
o f - t h e  th rom b op lastin  g e n e r a t io n  from th e  tromexan plasm a - 
see  f ig u r e  19 .
The f o l lo w in g  c o n c lu s io n s  can be drawn:-
(a ) Christmas d i s e a s e  serum and tromexan serum are
both  d e f e c t i v e  in  t h e i r  a b i l i t y  t o  form b lo o d  
th rom b op lastin  in  th e  throm bop lastin  g e n e r a t io n  
te c h n iq u e .  There i s  no mutual c o r r e c t io n  o f  
th e se  s e r a  in  t h i s  t e s t .
( b ) Dindevan plasma i s  d e f e c t iv e  in  i t s  a b i l i t y  t o
c o r r e c t  th e  prothrombin consumption o f  Christm as  
d is e a s e  plasm a.
(c )  The Christmas d is e a s e  serum does not show the enhan­
cement o f  normal serum over i t s  corresponding  
plasma in  th e  a b i l i t y  t o  c o r r e c t  the  o n e -s ta g e  
c l o t t i n g  tim e o f  tromexan plasm a.
(d) S e p a r a t io n  o f  Christmas fa c t o r  from f a c t o r  VII
by th e  h e a t in g  o f  normal serum was not s a t i s -  
f a c t  o r y .
(e )  The throm bop lastin  g e n e r a t io n  from Christmas
d i s e a s e  plasma i s  c o r r e c te d  by normal serum 
but not so  e f f e c t i v e l y  by tromexan serum.
( f )  The throm bop lastin  g e n e r a t io n  from tromexan plasma
i s  c o r r e c te d  by normal serum but not by Christm as  
d is e a s e  serum.
/O;
D i s c u s s i o n .
These o b s e r v a t io n s  in d ic a t e  th a t  th e  main d e f e c t  c a u s­
in g  th e  p r o lo n g a t io n  o f  the  o n e -s ta g e  c l o t t i n g  time i n  
coumarin therapy i s  th e  d e f i c i e n c y  o f  f a c t o r  V I I .  The d e ­
p r e s s io n  o f  prothrom bin i s  l e s s  and i t  i s  u n l ik e ly  t h a t  th e  
degree o f  prothrom bin d e f i c i e n c y  which occurs in  tromexan  
therap y  i s  o f  much consequence in  i n t e r f e r i n g  w ith  the coagu­
l a t i o n  system . F actor  VII i s  one o f  th e  components req u ired  
f o r  th e  com p letion  o f  t i s s u e  th r o m b o p la s t ic  a c t i v i t y .
Evidence has a l s o  been produced o f  in t e r f e r e n c e  by t h e s e  
drugs w ith  b lo o d  th ro m b o p la s t ic  a c t i v i t y .  The serum from  
p a t i e n t s  under the e f f e c t  o f  th e s e  drugs i s  d e f e c t i v e  i n  
i t s  a b i l i t y  t o  form b lo o d  th rom b op la st in . When fo l lo w e d  
d a i l y  t h i s  serum th ro m b op lastic  a c t i v i t y  fo l lo w s  the p a t t e r n  
o f  f a c t o r  VII d e f i c i e n c y .  Hicks (1 9 5 5 ) ,  however, has p r o ­
duced ev id en ce  in d ic a t in g  th a t  f a c t o r  VII i s  not req u ired  i n  
b lo o d  th rom b op lastin  form a tio n . U sing a p a t i e n t  w ith  a 
c o n s t i t u t i o n a l l y  determined f a c t o r  VII d e f i c i e n c y ,  he showed 
th a t  th ere  was normal b lo o d  th rom b op la st in  form ation  u s in g  
th e  serum. I t  was l i k e l y  th e r e fo r e  th a t  the  serum thrombo­
p l a s t i c  d e f e c t  in  coumarin therapy was not due to  th e  de­
f i c i e n c y  o f  f a c t o r  V II .  The experim ents d e sc r ib e d  here  
su g g e s t  t h a t  t h i s  serum d e fe c t  i s  due to  a Christmas f a c t o r  
d e f i c i e n c y .  Christmas d i s e a s e  serum and tromexan serum
-  !CjZ  '
are  not m utu ally  c o r r e c t iv e  in  th e  th rom b o p last in  
g e n e r a t io n  te c h n iq u e .  Dindevan plasma i s  poor in  i t s
a b i l i t y  to  c o r r e c t  th e  d e f e c t i v e  prothrombin consumption  
o f  Christmas d i s e a s e  plasma.
I t  i s  l i k e l y ,  t h e r e f o r e ,  th a t  t h e s e  drugs i n t e r f e r e  
w ith  e x t r i n s i c  th rom b op lastin  by v i r t u e  o f  d e p r e ss io n  o f  
f a c t o r  VII and w ith  th e  i n t r i n s i c  mechanism by d e p r e ss io n  
o f  th e  Christmas f a c t o r .  There i s  a l s o  some d e f i c i e n c y  
of prothrom bin.
I t  i s  p o s s i b l e  th a t  th e s e  coumarin drugs have a c t io n s  
o th e r  than th o s e  dem onstrable by th e  a v a i la b le  in  v i t r o  
t e c h n iq u e s .  J e w e l l ,  P i lk in g to n  and Robinson (1954) have
shown th a t  th e  a d m in is tr a t io n  o f  tromexan to  r a b b its  i s  even  
more e f f e c t i v e  than h ep ar in  in  p rev en tin g  chem ical  
th ro m b o s is .  There i s  ev id en ce  th a t  adequate therap y
w ith  coumarin compounds i s  b e n e f i c i a l  in  promoting  
r e c a n a l iz a t io n  o f  a r t e r i e s  and v e in s  occlud ed  by throm bosis  
produced e x p e r im e n ta lly  in  r a b b i t s .  (Kubik & Wright 1 9 5 0 ) .
Q uite  apart a l s o  from th e  ’in  v i t r o 1 ev id en ce  o f  
i n t e r f e r e n c e  w ith  c o a g u la t io n  th e r e  i s  th e  e v e r  growing  
support f o r  the  b e l i e f  th a t  th e  coumarin drugs have th e r a p e u t ic  
v a lu e  in  th e  management o f  coronary th rom b o sis .  Many s e r i e s  
o f  c a se s  have been rep orted  where th e s e  drugs have been u sed .  
Some o f th e s e  are  open to  c r i t i c i s m .  Others however are
c a r e f u l ly  c o n t r o l l e d  on a l t e r n a t e  case  b a s i s  and th ere  can  
be l i t t l e  doubt t h a t  the  use o f  th e s e  drugs has been o f  
v a l u e .  (B iggs and M acfarlane 1953 , T u llo ch  and G i l c h r i s t  
1950 , T u llo c h  and G i l c h r i s t  1951, W right, Marple and Beck  
1 9 4 8 ) .
S U M M A R Y
(1 )  The p r o lo n g a t io n  o f  th e  o n e -s ta g e  c l o t t i n g  tim e o f
coumarin plasma in  resp on se  to  b r a in  th ro m b op last in  
h as been  s t u d ie d .  Comparison o f  coumarin plasma  
w ith  th a t  from a p a t i e n t  w ith  id io p a t h ic  prothrom bin  
d e f i c i e n c y  in d ic a t e s  th a t  marked prothrombin d e ­
f i c i e n c y ,  in  the  p resen ce  o f  normal amounts o f  o th er  
c o a g u la t io n  components, produces o n ly  v e ry  s l i g h t  
p r o lo n g a t io n  o f  th e  o n e -s ta g e  c l o t t i n g  t im e . Plasma 
from th e  p a t i e n t  w ith  id io p a t h ic  prothrombin d e f i c ­
ie n c y  was capable  o f  c o r r e c t in g  th e  pro longed  one-  
s ta g e  c l o t t i n g  tim e o f  coumarin plasma as  e f f i c i e n t l y  
as d id  normal p lasm a.
(2 )  Normal serum, which c o n ta in s  no prothrom bin, was o f t e n
a b le  to  r e s t o r e  the  o n e -s ta g e  c l o t t i n g  tim e o f  t r o ­
mexan plasma to  normal. This a c t io n  o f  normal serum 
i s  c a l l e d  i t s  f a c t o r  VII p r o p e r ty .
(3 )  Prom (1 )  and (2 )  i t  was confirmed th a t  tromexan plasm a
i s  d e f i c i e n t  in  f a c t o r  V I I .  I t  remained to  a s s e s s  
the  prothrombin c o n te n t .  324 specimens were exam­
in e d  by the area  method and th e  g lo b u l in  f r a c t i o n  
method.
Mean prothrombin  
con ten t
Area method (140) 69%
G lo b u lin  f r a c t i o n  method (184) 64/£
m -
(4 )  F a c to r  V was found to  be normal.
(5 )  The p rogress  o f  f a c t o r  VII and prothrombin under th e
in f lu e n c e  o f  continu ed  tromexan a d m in is tr a t io n  was 
s tu d ie d  throughout th e  f i r s t  fo u r tee n  days o f  
th era p y . In v iew  o f  th e  h ig h  prothrombin con ten t  
th e  o n e -s ta g e  t e s t  exp ressed  as a p ercen tage  from a 
d i l u t i o n  curve was used as a measure o f  f a c t o r  V II .
The f a c t o r  VII f a l l s  at th e  s t a r t  o f  th erap y  to  a 
low l e v e l  at which i t  rem ains. The prothrombin  
f a l l s  much more g r a d u a l ly  and t o  a l e s s  e x te n t .
( 6 j  The  resp onse  of tromexan plasma to  o n e -s ta g e  tec h n iq u es
u s in g  as th rom b op lastin  brain-serum  m ix tu r es ,
R u s s e l l ’ s v ip e r  venom and l e c i t h i n ,  and plasma 
th ro m b o p la s t in , has been s tu d ie d .  I t  i s  probable
th a t  t h e s e  methods r e f l e c t  th e  prothrombin con ten t  
but t h i s  cannot be a ssayed  from a d i l u t i o n  cu rv e .
A l l  th e  methods when read from a d i l u t i o n  curve  
g iv e  r e s u l t s  which are  to o  low . The R u s s e l l ^  v ip e r  
venom method g iv e s  r e s u l t s  n e a r e s t  to  th e  tr u e  
prothrombin rea d in g .
( 7)  I n te r f e r e n c e  w ith  b lood  throm bop lastin
The e v id en ce  f o r  t h i s  i s :
(a)  p ro lo n g a t io n  o f  whole b lood  c l o t t i n g  tim e in
s i l i c o n e .
(b) p r o lo n g a t io n  o f  ca lc ium  c l o t t i n g  t im e .
( e )  d e la y  in  prothrombin consumption.
(d ) f a i l u r e  o f  coumarin sex*um to  r e p la c e  normal serum
i n  th e  throm bop lastin  g e n e r a t io n  tec h n iq u e .
When t h i s  f a i l u r e  to  form b lood  throm bop lastin  
i s  a ssayed  q u a n t i t a t i v e l y ,  the  e f f e c t  o f  therap y  
i s  p a r a l l e l  to  th e  d e p r e ss io n  o f  f a c t o r  V II .
( e )  Christmas d i s e a s e  serum and tromexan serum are not
m u tu a lly  c o r r e c t iv e  in  th e  throm boplastin  
g e n e r a t io n  t e s t .
( f )  The prothrombin consumption o f  Christmas d i s e a s e
plasma i s  not s i g n i f i c a n t l y  c o r r e c te d  by 
a d d it io n s  o f  dindevan plasma.
I t  i s  l i k e l y  th a t  th e  in t e r f e r e n c e  w ith  b lood
th rom b op last in  produced by t h i s  group of drugs i s  a consequence o f
Christmas f a c t o r  d e f i c i e n c y .
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CHAPTER 2
INTERFERENCE WITH THE THROMBIN-FIBRINOGEN REACTION
There i s  good experim en ta l ev id en ce  th a t  h e p a r in ,  w h ile  
a c t in g  t o g e th e r  w i t h  a c o - f a c t o r  in  the albumin f r a c t i o n  o f  
plasma i n t e r f e r e s  w ith  the th ro m b in -f ib r in og en  r e a c t io n  
(Mellanby 1934 , Quick 1 9 3 8 ) .  Plasma was c o l l e c t e d  in  
c i t r a t e  b e fo r e  and im m ediately  a f t e r  the in traven ou s admin­
i s t r a t i o n  o f  a s i n g le  dose o f  10 ,0 0 0  u n i t s  o f  h e p a r in .  D i l -
\
u t io n s  o f  thrombin were prepared and added in  0 . Inf amounts t o  
0 .1  m l. o f  normal plasma and the  c l o t t i n g  time record ed .
Thrombin c o n c e n tr a t io n . 1 /1 1 /2 1 /4 1 /8 1 /16 1 /3 2
Plasma b e f o r e  h ep ar in 11 20 38 95 3*4. 3 ’ +
Plasma a f t e r  hepar in 3 1 + 3 ’ + 3 1 4- 3 T + 3* + 3 f +•
In  th e  p resen ce  o f  h ep a r in  th ere  was c o n s id er a b le  p ro lon ga­
t i o n  o f  th e  c l o t t i n g  t im e .  S in ce  th e se  plasmas were c l o t ­
t i n g  a s  a consequence o f  added thrombin and n ot in  resp onse  
t o  th e  c o n v e r s io n  o f  t h e i r  own prothrombin t h i s  o b s e r v a t io n  
can be a c c e p te d  as co n firm ation  o f  in t e r f e r e n c e  w ith  the 
th r o m b in -f ib r in o g e n  r e a c t io n .
I t  has a l s o  been su ggested  th a t  heparin  i n t e r f e r e s  w ith  
the  i n t e r a c t io n s  r e s u l t in g  in  thrombin form ation (Howell & 
H olt 1918 , Brinkhous e t  a l  1 9 3 9 ) .  I n v e s t ig a t io n s  on the
2-00-
a c t io n  o f  heparin  in  p rev en tin g  thrombin form ation  are  
d i f f i c u l t  on account of th e  in t e r f e r e n c e  by th e  heparin  w ith  
th e  th ro m b in -f ib r in o g en  r e a c t io n .
A d d it io n  o f  heparin  to  th e  throm boplastin  g e n e r a t in g  system .
I t  can be shown (appendix , page 77h) t h a t ,  in  a m ixture  
c o n ta in in g  a l l  th e  requirem ents fo r  th e  form ation  of b lood  
th ro m b o p la st in , th e r e  i s  preven tion  o f  form ation in  th e  
p resen ce  o f  low c o n c e n tr a t io n s  o f  h ep a r in . In th e  p resen ce  
of h e p a r in ,  a t  a c o n c en tr a t io n  as low as 1 /30  u n i t /m l .  in  
th e  m ix tu r e ,  th e  form ation o f  heparin i s  markedly d epressed  
( s e e  F ig u re  8 0 ) .
D e s tr u c t io n  of formed th rom b op last in .
In  f ig u r e  81 i s  shown th e  e f f e c t  on formed throm boplastin  
of th e  a d d it io n  cf h ep a r in . The p rogress  o f  d e s tr u c t io n  
of thrombin can be fo l lo w e d . The heparin  i s  c o n s id er a b ly
l e s s  pow erfu l in  d e s tr o y in g  formed throm bop lastin  than  
in  p r e v e n tin g  i t s  form ation .
Removal o f  h ep ar in  by a d sorp tion  on alum ina.
When specim ens o f  c i t r a t e d  plasma and u n c i t r a te d  b lood  
are c o l l e c t e d  from p a t ie n t s  on th e r a p e u t ic  doses o f  heparin  
the  adsorbed plasma r e a c ts  norm ally  in  th e  throm boplastin  
g e n e ra t in g  system  whereas th e r e  i s  an abnormal r e a c t io n
F ig u re  (8 0 )
T h r o m b o p l a s t i n  g e n e r a t i o n  i n  th e  p r e s e n c e  o f  
v a r i o u s  c o n c e n t r a t i o n s  o f  h e p a r i n .
A b s c i s s a  -  p e r c e n t a g e  t h r o m b o p l a s t i n .
O rdinate -  tim e i n  m inutes a f t e r  a d d i t io n  o f  . 
c a l c i u m .
The f i g u r e s  o p p o s i te  th e  graphs show the  
c o n c e n tr a t io n  o f  h ep a r in  i n  the  in c u b a t io n  m ix tu r e s .
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Figure (S I)
D e s t r u c t i o n  o f  formed t h r o m b o p l a s t i n  a f t e r  t h e  
a d d i t i o n  o f  h e p a r i n .
A b s c i s s a  -  p e r c e n t a g e  t h r o m b o p l a s t i n .
O rdinate -  t im e i n  m inutes a f t e r  a d d i t io n  o f  
ca lc iu m .
The f i g u r e s  o p p o s i te  th e  graphs show th e  
c o n c e n tr a t io n  o f  h e p a r in  i n  th e  in c u b a t io n  m ix tu re .
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when the  serum i s  t e s t e d  (such  an experim ent i s  g iv e n  i n  d e ­
t a i l  on page 1 ^ 3  o f  th e  a p p en d ix ) .  I t  may be concluded  
from t h i s  t h a t  h e p a r in  i s  removed by the ad so rb in g  a g e n t .
I t  was d e sc r ib e d  above how th e  p resen ce  o f  h e p a r in  in  
a th rom b op last in  g e n e r a t in g  system  a p p a re n tly  i n h i b i t s  the  
form ation  o f  th ro m b o p la s t in . I t  cou ld  be argued t h a t  th e  
r e s u l t s  are in  p a r t  or in  t o t a l  m ere ly  a r e f l e c t i o n  o f  th e  
h ep ar in  i n t e r f e r i n g  w ith  the  th r o m b in -f ib r in o g e n  r e a c t i o n  in  
the t e s t  s u b s t r a te .
The in v e s t i g a t io n s  now t o  be d e s c r ib e d  are  concerned  
w ith  th e  e a r l i e r  s ta g e s  o f  b lo o d  c o a g u la t io n  when s u b je c te d  
to  th e  in f lu e n c e  o f  h e p a r in ,  u s in g  te c h n iq u e s  where the  hep­
a r in  does not i n t e r f e r e  w ith  th e  f i n a l  i n d ic a t o r  sy s tem .
Douglas and B ig g s  (1953) have dem onstrated th a t  durin g  b lo o d  
c o a g u la t io n  under th e  in f lu e n c e  o f  i t s  own th r o m b o p la s t in  
f a c t o r  a n t ih a em o p h ilic  g lo b u l in  and prothrom bin are  u sed  up 
i n  the r e a c t i o n .  I t  i s  assumed t h a t  t h i s  consum ption o f  
f a c t o r  V and a n t ih a em o p h ilic  g lo b u l in  i s  due to  t h e i r  u t i l i z a ­
t i o n  i n  b lo o d  th rom b op lastin  fo rm a tio n . Prothrombin con­
sumption i s  th e  outcome o f  b lo o d  th r o m b o p la s t in  fo rm a tio n  
and the  r e s u l t i n g  c o n v e rs io n  to  throm bin.
C o l l e c t io n  o f  sp ec im en s: The i n v e s t i g a t i o n  was c a r r ie d
out on p a t i e n t s  s t a r t in g  h ep ar in  th e ra p y . N eed les  and s y r in g e s  
o f  i d e n t i c a l  s i z e  were used  throughout • By venepuncture u s in g
a wide bore n eed le  (S.W.G. 1 8 ) ,  30 m l. o f  b lo o d  were c o l ­
l e c t e d  in to  a la r g e  sy r in g e  care b e in g  tak en  to  avo id  f r o t h ­
in g .  T his sy r in g e  was d e ta ch ed , the  n e e d le  b e in g  l e f t  in  
s i t u  and 1 0 ,0 0 0  u n i t s  o f  h ep ar in  c o n ta in e d  in  another s y r in g e ,  
i n j e c t e d  in tr a v e n o u s ly .  F iv e  m inutes a f t e r  th e  i n j e c t i o n  
o f  h ep a r in  an i d e n t i c a l  specimen was c o l l e c t e d  by s e p a r a te  
venepuncture from the  o th e r  arm. The specim ens o f  b lo o d  
c o l l e c t e d  b e fo re  and im m ediate ly  a f t e r  g iv in g  h e p a r in  were  
t r e a t e d  as f o l l o w s .  A m ixture  was made im m ediate ly  o f  4 .5  
m l. o f  b lo o d  w ith  0 .5  m l. o f  3 .8 $  sodium c i t r a t e  and fu r th e r  
4 .5  m l. volumes o f  b lood  d e l iv e r e d  in t o  4 i d e n t i c a l  gradu­
a te d  c e n tr i f u g e  tu b e s .  These tub es  were p la c e d  in  a w ater  
b a th  a t  37° C. and a t  i n t e r v a l s  o f  15 m inutes a f t e r  c o l l e c ­
t i o n  0 .5  m l. o f  3 .8 $  sodium c i t r a t e  added and th e  c o n te n ts  
o f  th e  tu b e  mixed w ith  a wooden a p p l ic a t o r  s t i c k .  In  t h i s  
way the p rocess  o f  c l o t t i n g  was a r r e s t e d  a t  f i f t e e n  m inute  
i n t e r v a l s  a f t e r  w ithdraw al o f  the b lo o d .  The tu b es  were 
l e f t  i n  the  w ater  b a th  f o r  an hour t o  a llow  f o r  th e  n e u t r a l ­
i z a t i o n  o f  any thrombin form ed. A f t e r  t h i s  th e  specim ens  
were t e s t e d  to  determ ine th e  amounts o f  prothrom bin, f a c t o r  V 
and a n t ih a em o p h ilic  g lo b u l in  p r e s e n t .  In  t h i s  way the  p a t ­
t e r n  o f  u t i l i z a t i o n  o f  th e se  f a c t o r s  b e fo re  and a f t e r  th e  ad­
m in i s t r a t io n  o f  h ep ar in  cou ld  be s t u d ie d .  Three o b s e r v a t io n s  
were made on each o f  th e s e  c o a g u la t io n  components.
-  x?03 ~
Measurement o f  prothrom bin .
The method used  i s  d e sc r ib e d  in  the appendix i n  the  
t e c h n ic a l  s e c t i o n .  T h is  i s  th e  g lo b u l in  f r a c t i o n  te c h n iq u e .
I t  i s  dependent on th e  s e p a r a t io n  o f  prothrom bin from a n t i -  
thrombin and i t s  a c t i v a t i o n  t h e r e a f t e r  by b r a in  th r o m b o p la s t in  
and ca lc iu m . On ev id en ce  to  be d e sc r ib e d  be low , th e  p r e ­
c i p i t a t e  c o n ta in in g  prothrom bin was found t o  be f r e e d  not  
on ly  from a n tith rom b in , but a l s o  from h e p a r in  a c t i v i t y .
There w as, in  consequence, no ev id en ce  o f  in t e r f e r e n c e  by  
h ep ar in  w ith  the  th r o m b in -f ib r in o g e n  r e a c t io n .
Measurement o f  f a c t o r  V .
The method used  was as m entioned e a r l i e r  i n  t h i s  t h e s i s  
and i s  d e sc r ib e d  i n  d e t a i l  in  the  ap p en d ix . The on ly  d i f ­
f i c u l t y  i n  ap p ly in g  t h i s  tech n iq u e  t o  the p r e s e n t  problem  
was th e  removal o f  th e  h ep ar in  from the ap p ro p r ia te  t e s t  
specimens and the p r e v e n t io n  o f  i t s  in t e r f e r e n c e  w ith  th e  
th ro m b in -f ib r in o g e n  r e a c t i o n .  I t  was found t h a t  trea tm en t
w ith  alum ina, which was employed in  th e  p r e p a r a t io n  o f  th e  
f a c to r  V from the sp ec im en s, removed the h e p a r in  by a d so rp ­
t i o n .  T his a d so r p t io n  o f  h ep a r in  on alumina confirm s the  
o b ser v a t io n s  made in d ep en d en tly  by MacMillan and Brown (1954) - 
see  a l s o  page 793 o f  the appendix .
F ig u re  ( 8 2 )
F r o t h r o m b in  co n su m p t io n  b e f o r e  and a f t e r  t h e  
i n t r a v e n o u s  a d m i n i s t r a t i o n  o f  1 0 ,000  u n i t s  o f  h e p a r i n .
A b s c i s s a  -  p e r c e n t a g e  p r o t h r o m b i n .
O rdinate -  t im e i n  m inutes a f t e r  w ithdraw al o f  
b lo o d .
• -------•  Prothrombin consum ption b e fo re  the
a d m in is t r a t io n  o f  h e p a r in .
0 -------0 Prothrombin consumption a f t e r  the
a d m in is t r a t io n  o f  h e p a r in .
p ercentage
75-
50-
25-
15 3 0 45 6 0
t im e  in m inutes
F ig u r e  (83
F a cto r  V consumption b e fo re  and a f t e r  the  
in tr a v en o u s  a d m in is t r a t io n  o f  1 0 ,0 0 0  u n i t s  o f  h ep ar in .
A b s c is s a  -  p ercen ta g e  f a c to r  V. ,
O rdinate -  tim e i n  m inu tes  a f t e r  w ithdraw al o f  b lood .
0 » ■ --  t  F a cto r  V consum ption b e fo re  the  a d m in is tra t ion  
o f  h e p a r in .
0 — 0 F actor  V consumption a f t e r  the  a d m in is tr a t io n  
o f  h e p a r in .
percentage.
IOO
75*
50-
25-
15 30 45
time in m in u tes.
F ig u re  ( 84 )
A n tih aem op h ilic  g lo b u l in  (A .K .G .) consumption  
b e fo re  andipfter the  in tr a v en o u s  a d m in is tr a t io n  o f  
1 0 ,0 0 0  u n i t s  o f  h e p a r in .
A b s c is s a  -  p ercen tage  a n t ih a em o p h ilic  g lo b u l in .  
O rdinate -  tim e i n  m inutes a f t e r  w ithdraw al o f  
b lo o d .
A n tih aem op h ilic  g lo b u l in  consumption  
b e fo re  th e  a d m in is tr a t io n  o f  h e p a r in .
0 ------ 0 A n tih a em o p h ilic  g lo b u l in  consum ption
a f t e r  th e  a d m in is tr a t io n  o f  h e p a r in .
percentage
100
75-
50-
25-
15 30 45
tim e in m inutes
Measurement o f  a n tih aem op h ilic  g l o b u l i n .
This i s  d escr ib ed  in  the t e c h n ic a l  s e c t io n  - i t  i s  
dependent on the c o r r e c t io n  of th rom b op lastin  g e n e r a t io n  
o f  adsorbed haem ophilic  plasma by d i l u t i o n s  o f  adsorbed  
normal and t e s t  p lasm as. A supply o f  haem ophilic  plasma 
was kept fr o z e n  a t  -2 0 °  C. in  a deep f r e e z e .  The heparin  
was removed by the  p ro cess  o f  a d sorp tio n  on alumina.
R e s u l t s :
The mean o f  th e  r e s u l t s  on the  u t i l i z a t i o n  o f  prothrom­
b i n ,  f a c t o r  V and antih aem op h ilic  g lo b u l in  b e fore  and a f t e r  
th e  a d m in is tr a t io n  o f  th e  heparin  are shown r e s p e c t iv e ly  in  
F ig u r e s  SU-, $3^ * ^  . The r e s u l t s  are a l s o  shown in
Table . I t  w i l l  be seen  th a t  a f t e r  the a d m in is tr a t io n
o f  th e  h ep a r in  there  was no u t i l i z a t i o n  o f  any o f  th e s e  com­
ponents up t o  one hour, whereas in  the specimens c o l l e c t e d  
b e fo r e  g iv in g  the h ep a r in , a l l  had been used up by the end o f  
the h o u r .
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Evidence has been d escr ib ed  in  Chapter 4  to  su g gest  
th a t  fa c t o r  V and a n tih aem op h ilic  g lo b u l in  are e s s e n t i a l  
components o f  b lood  th rom b op lastin . During the c l o t t i n g  
o f  b lo o d  under the in f lu e n c e  of i t s  own throm boplastin  
th e s e  f a c t o r s  d isappear presumably in  consequence o f  t h e i r  
u t i l i z a t i o n  in  the form ation  o f  b lood  throm bop lastin . The 
f a i l u r e  t o  consume f a c t o r  V and a n tih a em op h ilic  g lo b u l in  
in  the p resen ce  o f  heparin  can be in te r p r e te d  as a c o n se ­
quence o f  in te r fe r e n c e  w ith  throm boplastin  form ation .
The i n v e s t i g a t io n  has shown th at in  the p resen ce  o f  
h ep ar in  there  i s  d e f e c t iv e  consumption o f  prothrombin.
T h is  i s  a fu r th e r ,  non s p e c i f i c ,  in d ic a t io n  o f  f a i l u r e  in  
the  b lood  throm boplastin  system.
The tech n iq u es used in  the  i n v e s t ig a t io n  o f  the consump­
t i o n  o f  c o a g u la t io n  components have employed methods fo r  the  
removal o f  heparin  from the in cu b ation  m ix tu res .  There was 
•in consequence no in te r fe r e n c e  by heparin w ith  the in d ic a t o r  
system , the throm bin-fibr inogen  r e a c t io n .  The e f f i c a c y  of  
the methods fo r  the removal of heparin  was confirmed by the  
dem onstration  th a t  a l l  th e  specimens c o l l e c t e d  a f t e r  the 
a d m in is tr a t io n  o f  the  heparin contained  as much prothrombin, 
f a c t o r  V and an tih aem oph ilic  g lo b u lin  as the plasma b efore  
the  a d m in is tr a t io n  o f  heparin . Any tr a c e s  o f  heparin l e f t  
in  the in cu b a tio n  m ixtures would have r e s u l t e d  in  lower
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re a d in g s  b e in g  o b ta in ed . The ev idence o f  complete i n t e r ­
fe r e n c e  w ith  prothrombin conversion  and u t i l i z a t i o n  o f  b lood  
throm bop lastin  components may p o s s ib ly  in d ic a te  th a t  t h i s  
r e p r e s e n t s  th e  main a c t io n  of hepar in  ra th er  than i n t e r ­
f e r e n c e  w ith  th e  throm bin-fibr inogen  r e a c t io n .
S U M M A R Y
(1 ) I t  has been confirmed th a t  heparin  in t e r f e r e s  w ith  the
th ro m b in -fib r in ogen  r e a c t io n .
(2 )  U sing the throm boplastin  g e n era t io n  technique w ith  ad­
d i t i o n s  o f  h ep ar in , there i s  apparent in te r fe r e n c e  
w ith  b lood  throm boplastin  form ation and to  a l e s s e r  
e x te n t ,  th ere  i s  ev idence  o f  i t s  d e s tr u c t io n  by hep ­
a r in .  The in t e r p r e ta t io n  o f  t h i s  ev idence  i s  d i f ­
f i c u l t  on account of p o s s ib le  in te r fe r e n c e  w ith  th e  
th rom b in -fib r in ogen  r e a c t io n .
(3) U sing tech n iq u es which have in vo lved  the removal o f
heparin  there  i s  d e f e c t iv e  u t i l i z a t i o n  o f  f a c to r  V, 
an tih a em op h ilic  g lo b u lin  and prothrombin in  the  b lood  
o f  p a t i e n t s  g iv en  th e r a p e u t ic  doses o f  heparin . The 
f a i l u r e  to  u t i l i z e  fa c to r  V and antih aem oph ilic  
g lo b u l in  i s  in te r p r e te d  as in te r fe r e n c e  w ith  bloody 
throm bop lastin  form ation  and in  consequence th e re  i s  
d e f e c t iv e  prothrombin con version .
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CHAPTER 9
INVESTIGATION OF HAEMORRHAGIC DISEASE
As a consequence o f  th e  advances in  our understand ing  
o f  b lo o d  c o a g u la t io n ,  in  p a r t i c u la r  o f  b lo o d  th r o m b o p la s t in ,  
i t  became n e c essa ry  t o  d e s ig n  a scheme o f  i n v e s t i g a t i o n  o f  
th e  p a t i e n t  w ith  undue ten dency  to  haemorrhage. The d ia g ­
n o s i s  o f  such a p a t i e n t  r e s t s  on th e  r e s u l t s  o f  c l i n i c a l  and 
la b o r a to r y  a sse ssm e n t .  I t  may o f t e n  be p o s s ib l e  from the  
h i s t o r y  and exam ination  to  su sp ec t  th a t  th e r e  i s  a haemorrhagic  
tendency  but we are u l t im a t e ly  dependent on th e  la b o r a to r y  
i n v e s t i g a t i o n  i n  order to  e s t a b l i s h  t h i s  d ia g n o s is  and i t s  
e x a c t  n a tu re .
CLINICAL INVESTIGATION.
D u ration  o f  th e  i l l n e s s : In  any o f  the c o n s t i t u t i o n a l
d is tu r b a n c e s  o f  b lo od  c l o t t i n g  the  h i s t o r y  o f  the  c o n d it io n  
w i l l  u s u a l ly  ex tend  back t o  e a r ly  ch ild h o o d . T his i s  not  
alw ays s o ,  as the m ild  haem ophiliac  may have h i s  f i r s t  i n ­
c id e n t  o f  s e r io u s  haemorrhage a f t e r  the f i r s t  e x t r a c t io n  o f  
a permanent t o o t h .
Age o f  th e  p a t i e n t : C e r ta in  haemorrhagic d i s e a s e s  are
prone t o  p resen t  at p a r t i c u la r  a g e s .  M iddle-aged  women who 
develop  a b le e d in g  ten d en cy  are l i k e l y  t o  be s u f f e r in g  from
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throm bocytopenia . An e ld e r ly  man who f o r  t h e  f i r s t  tim e  
d e v e lo p s  a d is tu rb an ce  o f  h is  c l o t t i n g  mechanism, w i l l  not 
be s u f f e r in g  from haem ophilia but i s  more l i k e l y  t o  have d e ­
v e lo p e d  a c i r c u la t in g  in h ib i t o r ,  to  be f a i l i n g  t o  produce
v
c o a g u la t io n  f a c t o r s  as a consequence o f  parenchymatous l i v e r  
d i s e a s e  or t o  have a c o a g u la t io n  d is tu rb an ce  i n  a s s o c i a t i o n  
w ith  th e  development o f  d y sp ro te in a em ia .
D e t a i l s  o f  th e  l i a b i l i t y  to  haemorrhage.
The i n i t i a l  s u s p ic io n  as to  th e  p o s s i b i l i t y  o f  a 
h a e m o sta t ic  d e f e c t  comes g e n e r a l ly  from th e  c l i n i c i a n  in  
charge o f  th e  p a t i e n t .  Such a p o s s i b i l i t y  may be the  p r e ­
dominant fe a tu r e  o f  th e  case where a p a t i e n t  p r e s e n ts  w ith  
purpura or w ith  m assive deep t i s s u e  haemorrhages in  the absence  
o f  se v er e  trauma. O cca s io n a lly  the  q u e s t io n  o f  a haemo­
s t a t i c  d e f e c t  i s  r a is e d  only  a f t e r  i n v e s t i g a t i o n  o f  th e  s i t e  
o f  haemorrhage has f a i l e d  to  r e v e a l  any l o c a l  l e s i o n .  The 
l i m i t a t i o n  o f  b le e d in g  to  one p a r t i c u la r  s i t e  i s  i n  g e n e r a l  
a g a in s t  th e  presen ce  o f  a haem osta tic  d e f e c t  but t h i s  i s  not  
always s o .  P a t ie n t s  have been seen  where r e c u r r e n t  e p i s t a x i s  
or r e p e a te d  g a s t r o - i n t e s t i n a l  b le e d in g  have been  the  on ly  
m a n ife s ta t io n s  o f  d e f i c i e n c y  o f  a n t ih a em o p h ilic  g l o b u l i n .
Other p a t i e n t s  may p resen t w ith  symptoms which are not a s ­
s o c ia t e d  i n i t i a l l y  w ith  an abnormal ten dency  to  haemorrhage; 
fo r  example a p a t ie n t  w ith  Christmas d i s e a s e  was se e n  r e c e n t l y ,
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where th e  q u e s t io n  o f  a haem ostatic  abnorm ality  was r a i s e d  
on ly  a f t e r  the development o f  an obscure n e u r o lo g ic a l  l e s i o n ;  
th e  cause o f  t h i s  was p ressu re  from haematoma fo rm atio n .
The r e a c t io n  o f  the  p a t ie n t  to  o p e r a tiv e  procedures  
p r o v id e s  the  b e s t  t e s t  o f  h a e m o sta s is .  Tooth e x t r a c t i o n  in  
p a r t i c u la r  p rov ides a va lu ab le  t e s t  o f  the c l o t t i n g  mechan­
ism . Even normal people  may b le e d  co n t in u o u s ly  or i n t e r ­
m i t t e n t l y  up t o  24 hours a f t e r  a to o th  e x t r a c t io n .  I t  i s  
p robab ly  abnormal i f  there  i s  s i g n i f i c a n t  b le e d in g  3 6 -48  
hours a f t e r  the  e x tr a c t io n .  The same i s  tru e  o f  nose and 
th r o a t  o p e r a tio n s  and to n s i l le c to m y  p ro v id es  an even  more 
se v e r e  t e s t .  Any p a t ie n t  who r e q u ir e s  b lo o d  t r a n s f u s io n  
as a consequence o f  t o o th  e x t r a c t io n  i s  probably  s u f f e r in g  
from a haem ostatic  abnorm ality .
Fam ily H is to r y : Because o f  th e  stigm a a tta c h e d  to
h e r e d ita r y  d i s e a s e s  th ere  i s  o f t e n  r e lu c ta n c e  w i t h in  a fa m ily  
to  d i s c u s s  the q u e s t io n  o f  an in h e r i t e d  ten d en cy  t o  b l e e d .
In  th e  in t e r r o g a t io n  o f  th e  p a t i e n t  or h i s  r e l a t i v e s  a de­
t a i l e d  chart should be drawn up w ith  a l l  members o f  the fa m ily  
shown and in q u iry  made as t o  each . In  the case  where an 
abnorm ality  i s  in  doubt c l i n i c a l l y ,  fo r  exam ple, the  very  
m ild  haem op h iliac , th e  occurrence o f  a s im i la r  c o n d i t io n  in  
oth er  members o f  the fa m ily  s tr e n g th e n s  the  d ia g n o s is  o f  a 
h aem osta tic  d e f e c t .  As w i l l  be d e s c r ib e d  in  Chapter
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about one t h i r d  o f  the p a t ie n ts  w ith  haem ophilia  have no 
p o s i t i v e  fa m ily  h i s to r y .
Haemophilia in  i t s  v ar iou s grades o f  s e v e r i t y  i s  s t i l l  
th e  most common o f  the  coagu la tio n  d e f e c t s  w ith  Christmas  
d is e a s e  as th e  next in  frequency o f  in c id e n c e .  I n h e r i te d  
d e f i c i e n c i e s  o f  fa c to r s  V or VII or f ib r in o g e n  are very  r a r e .  
Where the  fa m ily  h i s to r y  in d ic a te s  th a t  males on ly  are a f ­
f e c t e d  and where in  p a r t ic u la r  th e  fam ily  tr e e  i s  s u f f i c ­
i e n t l y  la r g e  t o  determine a sex  l in k e d  r e c e s s iv e  ty p e  o f  
in h e r i t a n c e  then the co n d it io n  i s  e i t h e r  haem ophilia  or 
Christm as d i s e a s e .  Where fem ales are a f f e c t e d  as w e l l  as m ales  
th en  i t  i s  not l i k e l y  th a t  the c o n d it io n  i s  haem ophilia  or 
Christm as d is e a s e  but i s  more l i k e l y  t o  be one o f  th e  other  
in h e r i t e d  a b n o rm a lit ie s  o f  the  c o a g u la t io n  system . A v e ry  
r a r e  e x c e p t io n  to  t h i s  r u le  i s  the occurrence o f  homozygous 
fem a les  in  haem ophilic  f a m i l i e s  as the r e s u l t  o f  the  m arriage  
o f  a t r a n s m it te r  fem ale and an a f f e c t e d  m ale . F a ctor  VII  
d e f i c i e n c y  and fa c t o r  V d e f i c i e n c y  appear to  be in h e r i t e d  
as  n o n -s e x - l in k e d ,  probably dominant c h a r a c te r s ,  and f i b r i n -  
ogenopenia  as a r e c e s s iv e  ch aracter  has u s u a l ly  r e s u l t e d  from 
c o u s in  in term a rr ia g e .
A s s o c ia te d  f e a t u r e s : These may on o c c a s io n  g iv e  v a lu ­
a b le  in d ic a t io n  of the  d ia g n o s i s .  I f  a p a t i e n t  d e v e lo p s  a 
haemorrhagic tendency a t  the same tim e as symptoms and s ig n s
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o f  a se v er e  anaemia i t  i s  l i k e l y  th a t  the c o n d it io n  i s  a 
n o n -r e g e n e r a t iv e  thrombocytopenia p o s s ib ly  secondary to  
leukaem ia  or marrow a p la s ia .  I f  the p a t ie n t  has j o i n t  
changes in  a d d it io n  to  other evidence of a haemorrhagic  
d i a t h e s i s  th en  the c o n d it io n  i s  probably haem ophilia  or 
Christm as d i s e a s e .  Enquiry as to  the d i e t  may su g g e s t  sc u rv y .
C ir c u la t in g  throm boplastin  in h ib i t o r s  are g e n e r a l ly  
found a s s o c ia t e d  w ith  other rec o g n ise d  c o n d it io n s ;  the d e­
velopm ent o f  a haemorrhagic s t a t e  in  a s s o c i a t i o n  w ith  th e s e  
p a r t i c u la r  d iso r d e r s  would su g g es t  such a c i r c u la t i n g  a n t i ­
c o a g u la n t .  Any o f  the  co a g u la t io n  components may be de­
f i c i e n t  in  parenchymatous l i v e r  d i s e a s e .  Acute f ib r in o g e n  
d e f i c i e n c y  can a r is e  as a com p lica t io n  o f  con cea led  a c c i ­
d e n ta l  haemorrhage, or other  o b s t e t r i c a l  c o n d it io n s  and 
sometimes a l s o  as a consequence o f  pulmonary o p e r a t io n s .
S i t e  o f  haemorrhage: G en era lly  the p a t i e n t  w ith  a
h a e m o sta t ic  d e fe c t  b le ed s  f r o m  v a r io u s  s i t e s ^ b u t  th e  occu r­
ren ce  from one s i t e  a lone  does not exc lu d e  such a c o n d i t io n .
In  g e n e ra l  the occurrence o f  p e te c h ia e  and oozing  from, mucous 
membranes in  the absence o f  trauma in d ic a t e s  th a t  the con­
d i t i o n  b e lon gs to  th e  haemorrhagic purpuras r a th e r  th a n  to  
th e  group o f  c o a g u la t io n  a b n o r m a li t ie s .
P a t h o lo g ic a l  haemorrhage due t o  d i s t u r b a n c e  o f  th e  
c o a g u la t io n  mechanism i s  n o t l i m i t e d  to  th e  s k i n  and m ucosae.
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The b le e d in g  o f te n  fo l lo w s  minor trauma or damage to  t i s s u e  
and when t h i s  a f f e c t s  the body su rface  obvious haemorrhage 
occu rs u s u a l ly  as slow but continuous oozing  which may p e r ­
s i s t  f o r  h ou rs , d a y s , or  w eeks. where the sk in  or mucosal 
su r fa c e  i s  unbroken the  b leed in g  w i l l  o f t e n  p e r s i s t  in t o  
t i s s u e s  and t i s s u e  spaces u n t i l  a haematoma o f  enormous 
s i z e  has r e s u l t e d .  These p a t i e n t s  are fr e q u e n t ly  in  g r e a te r  
danger from b leed in g  in to  t i s s u e  and p ressu re  on v i t a l  
s t r u c t u r e s  than from e x te r n a l  blood l o s s .
In  th e  c o a g u la t io n  d is tu rb a n ces  c e r t a in  s i t e s  o f  h a e ­
morrhage are c h a r a c t e r i s t i c  -  haem arthroses, haem aturia ,  
e p i s t a x i s ,  haematemesis and m elaena. As m entioned above 
sometimes th e  p a t ie n t  on ly  b le e d s  from one s i t e ,  e , g .  r e ­
cu rren t  e p i s t a x i s  or recu rren t  haem atem esis. In  such  
p a t i e n t s  where no demonstrable l o c a l  l e s i o n  has b een  found  
i t  i s  n e c essa ry  to  a s s e s s  fo r  some abnorm ality  o f  t h e  haemo­
s t a t i c  system .
P h y s ic a l  ex am in ation . The exam in ation  should  in c lu d e  
th e  s c r u t in y  o f  th e  sk in  and the  ocu lar  fundus f o r  ev id en ce  
o f  c a p i l l a r y  b le ed in g  as p e te c h ia e  or fun dal haem orrhages.
The d i s t r i b u t i o n  o f  any haematoma should  be determ ined and 
th e  j o i n t s  examined f o r  ev id en ce  o f  ch ron ic  h aem oph ilic  
a r t h r i t i s .  The ton gu e , b u cc a l  mucosa and f i n g e r s  should  be  
examined fo r  t e l a n g i e c t a t i c  areas w hich  might in d ic a t e  the
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c o n d i t io n  o f  h e r e d ita r y  te le a n g ie c ta s ia .
P e r i f o l l i c u l a r  sk in  haemorrhages in  a s s o c i a t i o n  w ith  
deep t i s s u e  haematomata would su g g es t  scurvy as the  d ia g n o s i s .
LABORATORY INVESTIGATION.
Prom p r e v io u s  chapters i t  w i l l  he c le a r  th a t  th ere  are  
many t e s t s  which can he a p p lied  to  the  i n v e s t i g a t i o n  o f  
haem orrhagic d is o r d e r s .  I t  i s  e s s e n t i a l  th e r e fo r e  t o  have 
a v a i la b l e  a scheme o f  d i f f e r e n t i a t i o n .  In  th e  p a s t  r e l ia n c e  
had to  be p la c ed  on many t e s t s  which were r e a l l y  n o n - s p e c i f i c  
and threw  l i t t l e  l i g h t  on the e x a c t  nature o f  th e  d is tu rb a n ce  
and w hich  in  a d d it io n  were i n s e n s i t i v e .  A procedure such as  
th e  w hole  b loo d  c lo t t in g - t im e  cannot compete e i t h e r  in  
s p e c i f i c i t y  or s e n s i t i v i t y  w ith  th e  more modern t e c h n iq u e s .
I t  i s  c l e a r l y  d e s ir a b le ,  th e r e f o r e ,  th a t  a scheme o f  i n v e s t i ­
g a t io n  sh ou ld  be based on whichever t e s t s  are most approp­
r i a t e .  A l i s t  o f  the  t e s t s  i s  g iv en  in  Table f3  and some 
account o f  th e s e  w i l l  be g iv e n  in  the t e x t  in  the  same order  
as th e y  are enumerated in  the  t a b le .
TABLE 15
T e s t s  r eq u ire d  in  the d ia g n o s is  o f  haemorrhagic d is o r d e r s  
w ith  in d ic a t io n  o f  the  h aem ostatic  d e f e c t  d e t e c t e d  by each  
p r o c e d u r e .
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T e s t s
E s s e n t ia l
P l a t e l e t  count  
B le e d in g  t im e .
C a p i l la r y  r e s i s t a n c e  t e s t .
Q u ick ' s o n e - s t a g e “prothrombin” 
t e s t .
Throm boplastin  g e n e r a t io n  t e s t .
O c c a s io n a l ly  r e q u ir e d . 
Prothrombin a ssa y  
F ib r in o g e n  a s s a y .
T h rom bin -fib rinogen  r e a c t io n .
Measurement o f  f i b r i n o l y t i c  
a c t i v i t y .
C a p i l la r y  m icroscop y .
Confirm atory T e s t s .
Whole b lo o d  c l o t t i n g  t im e.  
Calcium c l o t t i n g  t im e .  
Prothrombin consumption t e s t .  
Thrombin g e n e r a t io n  t e s t .
H a e m o s ta t ic  d e f e c t  d e m o n s tr a b le
Q u a n t ita t iv e  p l a t e l e t  d e f i c i e n c y .
S tr u c tu r a l  c a p i l l a r y  d e f e c t .  
Q u a n t ita t iv e  p l a t e l e t  d e f i c i e n c y .
S c u r v y .
Q u a n t ita t iv e  p l a t e l e t  d e f i c i e n c y .
F a cto r  V d e f i c i e n c y .
F a cto r  VII d e f i c i e n c y .
H aem ophilia .
Christmas d i s e a s e .
C ir c u la t in g  a n t ic o a g u la n ts  and 
h e p a r in .
Prothrombin d e f i c i e n c y .
F ib r in o g e n  d e f i c i e n c y .
F ib r in o g e n  d e f i c i e n c y .  
H eparin.
A c t iv e  f i b r i n o l y s i s .
S tr u c tu r a l  c a p i l l a r y  d e f e c t .
See t e x t :  abnormal i n  d is o r d e r s
o f  b lo o d  th r o m b o p la s t in  forma­
t i o n .
A l l  t h e s e  tech n iq u es  are  d e s c r ib e d  in  d e t a i l  in  the  e x ­
p e r im e n ta l  appendix but some o f  th e  u n d e r ly in g  p r i n c i p l e s  
w i l l  be d is c u s s e d  h e r e .
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The tech n iq u es enumerated above do n o t  o f  c o u r se ,  e x ­
h au st the  p o s s ib l e  methods o f  d ia g n o s t i c  approach; th e  
procedures m entioned are th o se  which are  u s u a l ly  o f  most 
v a lu e  in  the  d ia g n o s is  o f  th e  in d iv id u a l  p a t i e n t .
P l a t e l e t  c o u n t . In  the  e a r l i e r  y e a r s  o f  my i n t e r e s t  
i n  t h i s  su b je c t  LOmpert’s method f o r  cou n tin g  p l a t e l e t s  was 
u se d .  The technique i s  d e sc r ib e d  in  th e  appendix page 60.0 
and was found t o  be reason ab ly  s a t i s f a c t o r y .  The a c t io n  o f  
the  s o l u t i o n  in  ly s in g  th e  red c e l l s  was v a r ia b le  and th e  
volume o f  b lood  used  in  the method i s  sm a l l .  The la r g e r  
th e  volume o f  b lood  in  the  d i l u t i n g  s o l u t i o n  th e  more a c c u r ­
a te  the  method. During th e  l a s t  fou r  y e a r s  a method has 
b een  u sed , which was dem onstrated to  me by D r. D a c ie  i n  the  
P ostgrad uate  M edical S c h o o l ,  London, and i s  g iv e n  in  d e t a i l  
i n  th e  appendix . Venous b lo o d  i s  c o l l e c t e d  through a wide  
bore n eed le  w ith o u t f r o t h in g  and some o f  t h i s  i s  d e l iv e r e d  
t o  a waxed watch g l a s s .  0 .1  m l. o f  th e  b lo o d  i s  t r a n s f e r r e d  
t o  10 ml . o f  red  c e l l  d i l u t i n g  f l u i d ,  mixed and a sample 
t r a n s f e r r e d  to  a counting  chamber. The p l a t e l e t  count i s  
o f  course  e s s e n t i a l  to  th e  d ia g n o s is  o f  th rom b ocytop en ia .
The d i f f i c u l t y  in  counting  p l a t e l e t s  g e n e r a l ly  a r i s e s  from  
ex tran eou s m a te r ia l  in  th e  p r e p a r a t io n  g iv in g  the appearance  
o f  p l a t e l e t s .  Dr. D a c i e rs method r e s u l t s  i n  a v e r y  c l e a r  
p r e p a r a t io n .
P l a t e l e t  countin g  i s  not a d i f f i c u l t  p ro ced u re , but  
l i k e  so  many o f  th e se  tech n iq u es  i t  r e q u ir e s  p r a c t i c e  b e fo r e  
i t  can be used  w ith  c o n f id e n c e .  The p erson  who co u n ts  
p l a t e l e t s  only o c c a s io n a l ly  not in f r e q u e n t ly  r e c o r d s  th e  
p l a t e l e t s  as numerous when in  f a c t  th e y  are s c a n ty .
B leed in g  Time: The method used  throughout t h i s  work i s
t h a t  d e sc r ib e d  by Ivy e t  a l  (1935) and O 'Brien (1 9 5 1 ) .
T h is  depends on the a p p l ic a t io n  o f  a sjhygomanometer c u f f  a t  
40 mms« p ressu re  round th e  upper arm and prick ing the  e x -
i
t e n so r  a sp e c t  o f  th e  arm w ith  an autom atic  p r ic k e r  s e t  a t  
a co n sta n t  depth . The b le e d in g  time i s  pro lon ged  in  thrombo­
c y to p en ia  and in  d i f fu s e  c a p i l l a r y  d e f e c t s .
C a p il la r y  R e s is ta n ce  T e s t : This i s  a p ro ced u re , which
does not j u s t i f y  t o o  much refinem en t, where markedly p o s i t i v e  
or q u ite  n e g a t iv e  i t  i s  o f  v a lu e .  U n fo r tu n a te ly  th e  r e ­
s u l t s  are o f t e n  o f  d o u b tfu l s i g n i f i c a n c e .  A sphygomanometer 
c u f f  s e t  a t  75 mms. f o r  5 m inutes i s  a g e n e r a l ly  a c c e p te d  
stan dard . With t h i s  th e r e  sh o u ld  be norm ally  not more th a n  
10 p e te c h ia e  on th e  forearm . T h is  t e s t  i s  u s u a l ly  p o s i t i v e  
in  thrombocytopenia and scu rvy .
C oagu lation  F a cto rs  i n  Plasma and Serum. A d so rp tio n  on 
alum ina. Normal plasma and serum d i f f e r  in  t h e i r  c o n te n t
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o f  c o a g u la tio n  fa c to r s  as a consequence o f  u t i l i z a t i o n  o f  
c e r ta in  components during c l o t t i n g .  The d i s t r ib u t io n  o f  
th e  c o a g u la tio n  components can be fu r th e r  m o d ified  by t r e a t ­
ment w ith  alumina (Table ^  ) .
On th e  trea tm en t o f  plasma w ith  a lum ina, prothrom bin , 
fa c to r  VII and th e  Christm as fa c to r  are adsorbed; fa c to r  V 
and th e  a n tih a em o p h ilic  g lo b u lin  rem ain ing in  th e  su p er­
n a ta n t a f t e r  c e n tr ifu g in g . S in ce  prothrom bin , fa c to r  V and 
a n tih a em o p h ilic  g lo b u lin  are a l l  consumed during c lo t t i n g  o f  
normal b lo o d , serum c o n ta in s  on ly  fa c to r  V II and th e  C hristm as 
f a c t o r .
TABLE
P r o p e r t ie s  o f  a d so rp tio n  o f  c o a g u la t io n  f a c t o r s  and o f  t h e i r  
u t i l i z a t i o n  during c l o t t i n g .  Those f a c t o r s  m iss in g  in  
adsorbed plasm a are removed by alum ina; th o se  f a c t o r s  
m iss in g  from serum are consumed during c l o t t i n g .  F a c to r s  
p r e se n t are in d ic a te d  t  and a b sen t -
Plasma Serum
Adsorbed
Plasm a
Prothrom bin f -
F actor  V + - +
A n tih aem op h ilic  g lo b u lin + - +
C hristm as fa c to r + -
F a cto r  V II + + -
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Q u ic k ’ s one s ta g e  "prothrombin** bes t_%
T his w e ll  known procedure was in tro d u ced  by Quick in  
1935 and i s  f u l l y  d e sc r ib ed  by him (Quick 1 9 3 8 ) . The 
tech n iq u e  used in  1949 and 1950 d i f f e r e d  s l i g h t l y  from th a t  
u sed  t h e r e a f t e r .  The d e t a i l s  are co n ta in ed  in  th e  appendix  
page • The p r in c ip a l  d if f e r e n c e  was concerned  w ith  a 
change in  th e  method o f  p r e p a r a tio n  o f  th e  b r a in  thrombo­
p l a s t i n .  In  the e a r l ie r  y ea rs a p h e n o l- s a l in e  e x tr a c t  o f  
r a b b it  b r a in  was used  w hereas l a t e r  t h i s  was r e p la c e d  by an 
a ceton e  e x tr a c te d  p r e p a r a tio n  o f  human b r a in .
A marked p r o lo n g a tio n  o f  th e  c lo t t i n g  tim e o b ta in ed  by  
t h i s  t e s t  i s  produced by a d e f ic ie n c y  e i t h e r  o f  f a c to r  V or  
fa c to r  V II . Q uick 's t e s t  i s  n ot in f lu e n c e d  by d e f ic ie n c y  o f  
th e  Christm as fa c to r  or a n tih a em o p h ilic  g lo b u lin  or p l a t e ­
l e t s ;  the b r a in  e x tr a c t  r e p la c e s  th e se  com ponents. P ro­
throm bin d e f ic ie n c y  alone i s  r a r e ly  o f  a s e v e r i t y  s u f f i c i e n t  
to  cause a p r o lo n g a tio n  o f th e  o n e -s ta g e  c l o t t i n g  tim e and 
i s  measured by th e  tw o -s ta g e  tec h n iq u es  m entioned b e lo w .
D i f f e r e n t ia t io n  o f  d e f i c i e n c i e s  o f  f a c to r s  V or V II .
The method o f d i f f e r e n t ia t io n  betw een  d e f i c i e n c i e s  o f  f a c t o r s  
V and V II , b o th  o f  which cause p r o lo n g a t io n  o f  th e  o n e -s ta g e  
c lo t t in g  tim e i s  summarized in  T able * 5  . I t  i s  dependent 
upon the e f f e c t  on the o n e -s ta g e  c lo t t i n g  tim e o f  th e  a d d it io n  
o f  fa c to r  V fr e e d  from fa c to r  VII or o f  f a c to r  V II fr e e d  from.
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fa c to r  V (Biggs and Douglas 1953a).
TABLE t 5
Methods o f d i f f e r e n t ia t io n  "between d e f i c i e n c i e s  o f  f a c t o r s
V and V II .
D e f ic ie n c y  o f  e i t h e r  fa c to r  V or f a c t o r  VII w i l l  cause  
a p r o lo n g a tio n  o f the o n e -sta g e  "prothranibin* t im e . F a cto r  V
i s  d iagn osed  when th ere  i s  s i g n i f i c a n t  sh o r te n in g  o f  th e  
c lo t t in g  tim e on th e  a d d it io n  o f 1 0 $  a lu m in a -tr e a te d  normal 
plasm a "but not o f  normal serum. The a lu m in a -tr e a te d  plasm a  
c o n ta in s  fa c to r  V "but not fa c to r  V I I . F a cto r  V II d e f ic ie n c y  
i s  d iagn osed  when th ere  i s  sh o r te n in g  on th e  a d d it io n  o f  
serum hut not adsorbed p lasm a. The serum c o n ta in s  fa c to r  
V II but no fa c to r  V.
O ne-stage ttprothrom bin” tim e p ro lo n g ed .
A d d itio n  o f  1 0 $  A d d itio n  o f  10$  
o f  alum ina- normal serum , 
tr e a te d  p lasm a.
F actor  V 
d e f ic ie n c y
Not a p p r e c ia b ly  
S h orten ed . sh o rte n e d .
F a cto r  VII 
d e f ic ie n c y .
Not sh o r te n e d . ; S h o rten ed .
j
ii
I f  th e  d e f ic ie n c y  i s  o f  fa c to r  V, th en  th e  o n e -s ta g e  
c lo t t in g  tim e i s  sh orten ed  by th e  a d d it io n  o f  adsorbed  
plasm a which c o n ta in s  fa c to r  V but n ot fa c to r  V II or p r o ­
throm bin. I f  the d e f ic ie n c y  i s  o f  f a c to r  V II th en  th e  
o n e -sta g e  c lo t t in g  tim e i s  sh orten ed  by th e  a d d it io n  o f  normal 
serum w hich c o n ta in s  f a c to r  V II bu t not fa c t o r  V or prothrom ­
b in . The main cau ses o f  d e f ic ie n c y  o f  f a c t o r s  V and V II  
are shown in  T able r j  .
Throm boplastin G en eration  T e s t . T h is i s  prob ab ly  th e  
m ost im portant s in g le  procedure u sed  a t  th e  p r e se n t  tim e in  
th e  d ia g n o s is  o f haem orrhagic d i s e a s e .  The t e s t  in  i t s  
o r ig in a l  form was d e sc r ib ed  by B ig g s  and D ouglas (1953) and 
i s  g iv e n  in  th e  appendix , page 5 ^ 0 .  The on ly  v a r ia t io n  
from the o r ig in a l  tech n iq u e  i s  th e  trea tm en t o f  th e  serum .
As we o r ig in a l ly  d e scr ib ed  t h i s  t e s t  th e  b lo o d , w h ile  c l o t ­
t in g  t o  produce serum, was shaken w ith  g la s s  b e a d s . I t  was 
su b seq u en tly  a p p rec ia ted  th a t  t h i s  a g i t a t io n  w ith  b eads i s  
n ot needed and the b lo o d  I s  now a llo w ed  to  stan d  fo r  two 
hours a t 37° G. fo r  n e u tr a l iz a t io n  o f  any throm bin or 
th rom b op lastin  formed and fo r  com plete c o n v e r s io n  o f  p r o ­
throm bin.
The rea g en ts  req u ired  fo r  the t e s t  are adsorb ed  plasm a  
( i . e .  a f t e r  treatm en t w ith  a lu m in a ), serum and p l a t e l e t s .
The p l a t e l e t s  are prepared by th e  d i f f e r e n t i a l  c e n tr i fu g a t io n  
o f  plasm a and th e  subsequent w ashing in  s a l in e  fo llo w e d  by  
r e su sp e n s io n . I t  w i l l  be remembered th a t  th e  adsorbed  normal 
plasm a co n ta in s  fa c to r  V and a n tih a em o p h ilic  g lo b u lin  and 
th e  normal serum c o n ta in s  C hristm as fa c to r  and f a c to r  V I I .
The c o n d it io n s  fo r  w hich th e  t e s t  I s  r eq u ired  in  d ia g n o s is  
a l l  have a normal o n e -s ta g e  c lo t t i n g  tim e w ith  Q u ick ’s t e s t  
and th e r e fo r e  th e re  i s  no d e f ic ie n c y  o f  fa c t o r  V or f a c t o r  
V II. A m ixture c o n ta in in g  adsorbed plasm a ( fa c to r  V and
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a n tih a em o p h ilic  g lo b u lin )  p l a t e l e t s  and serum ( fa c to r  VII 
and Christm as fa c to r )  to g e th e r  w ith  ca lc iu m  p r o v id e s  a l l  th e  
r e a g e n ts  req u ired  fo r  i n t r in s i c  th ro m b o p la stin  fo rm a tio n .
The adsorbed p lasm a, serum and p l a t e l e t s  are prep ared  from  
a normal su b je c t  and a ls o  from the p a t ie n t  and v a r io u s  combin­
a t io n s  o f  th e se  p rep a ra tio n s  are made as in d ic a te d  in  T able .
TABLE
T hrom boplastin  G -eneration T e s t .
The adsorbed normal plasm a i s  t e s t e d  w ith  normal serum and 
normal p l a t e l e t s  to  ensure th a t  the system  i s  fu n c t io n in g  
s a t i s f a c t o r i l y .  T h erea fter  the com b inations as in d ic a te d  
in  th e  ta b le  are made, and th e  r e s u l t s  in te r p r e te d  a cco rd ­
in g ly .  S a t is fa c to r y  form ation  o f  th ro m b o p la stin  i s  i n d i ­
ca te d  + and where t h i s  f a i l s  to  form a d eq u a te ly  i t  i s  shown - .
Components Adsorbed 
o f  th e  Plasma 
r e a c t in g  | Serum 
m ix tu r e . f P la t e le t s
P a tie n t
Normal
Normal
Normal
P a t ie n t
Normal
Normal
Normal
P a t ie n t
+ + t Norm al.
(
\
R e su lt in g  (
+ +■ H aem op hilia .
T hrom boplastin  ( 
Form ation (
+ + C hristm as
D is e a s e .
\
[ “ - + C ir c u la t in g  , a n t ic o a g u la n ts  j
v
¥ f- - Q u a li ta t iv e  j
___________________ :L................
p l a t e l e t  d e fe c t .;
The p a t i e n t ! s adsorbed plasma i s  t e s t e d  w ith  norm al serum and 
p a t i e n t ’s serum w ith  normal adsorbed p lasm a. I f  the p a t ie n t
F igure (85)
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T h e  t h r o m b o p l a  s t i n  g e n e r a t i o n  t e s t  -  n o r m a l  r a n g e .
O r d i n a t e  -  p e r c e n t a g e  t h r o m b o p l a s t i n .
A b s c i s s a  -  t i m e  i n  m i n u t e s  a f t e r  a d d i t i o n  o f  c a l c i u m .
The c e n tr a l  curve r e p r e se n ts  the average o f  40  
d i f f e r e n t  t e s t s .  The extrem e l im i t s  in d ic a te  the range o f  
v a r ia t io n  o b ta in ed  when a l l  o f  th e  th ro m b o p la stin  
components are v a r ie d  s im u lta n e o u s ly . The s t ip p le d  area  
shows the range o f  v a r ia t io n  o b ta in ed  in  38 o f  40 
o b se r v a tio n s  in  which th e  alum ina plasm a was o b ta in ed  
from d i f f e r e n t  normal s u b j e c t s ,  b u t serum and p l a t e l e t s  
were from one s u b je c t .
o/0throm boplastin
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has no d e fe c t  in  t h i s  system  th en  th ro m b o p la stin  i s  formed 
s a t i s f a c t o r i l y  in  b o th  th e se  com b in a tion s. Where th e  ad­
sorb ed  plasm a i s  d e f e c t iv e  and the serum s a t i s f a c t o r y  the. 
d is e a s e  i s  h a em o p h ilia . Where th e  serum i s  d e f e c t iv e  and 
th e  adsorbed plasm a s a t i s f a c t o r y  th e  d is e a s e  i s  C hristm as 
d is e a s e .  Where n e ith e r  th e  adsorbed plasm a nor th e  serum  
are e f f e c t i v e  the e x p la n a tio n  i s  l i k e l y  t o  be th e  p resen ce  
o f  a c ir c u la t in g  a n t ic o a g u la n t;  when the p a t i e n t ' s  p l a t e l e t s  
f a i l  to  form th ro m b o p la stin , bu t th e  adsorbed  plasm a and 
serum are normal th e  c o n d it io n  i s  a q u a l i t a t iv e  p l a t e l e t  
d e f e c t .
NORMAL VARIATION.
In  f ig u r e  35" i s  shown th e  average r e s u l t  o f  c a rr y in g  
out t h i s  t e s t  on 40 d i f f e r e n t  s e t s  o f r e a g e n ts .  I t  w i l l  be  
s e e n  th a t  a l e v e l  o f 100$  o f  th ro m b o p la stin , in d ic a t in g  a 
plasm a c lo t t in g  tim e o f 10  s e c s . ,  i s  a ch iev ed  on an average  
a f t e r  an in c u b a tio n  tim e o f  f iv e  m in u te s . T h is  v ery  r a p id  
c lo t t i n g  tim e cannot be due to  th e  t r a n s fe r  o f  thrombin from  
th e  in c u b a tio n  m ix tu r e , b ecau se  no s ig n i f i c a n t  amount o f  
throm bin i s  t r a n s fe r r e d . T h is can be confirm ed by th e  
sim u ltan eou s t r a n s f e r  in to  f ib r in o g e n  as a s u b s tr a te . Prom 
f ig u r e  35" i t  w i l l  be se e n  th a t  th e r e  i s  a wide range o f  
v a r i a b i l i t y  betw een  t e s t s  made on d i f f e r e n t  days in  w hich a l l  
th r ee  r e a g e n ts  are d i f f e r e n t .  At f i r s t  i t  m ight be th ou gh t

The thron/bopl a .s tin  g e n e ra t io n  t e s t  - normal ran g e .
O r d i n a t e  -  p e r c e n t a g e  t h r o m b o p l a s t i n .
A b s c i s s a  -  t im e  i n  m in u te s  a f t e r  a d d i t i o n  o f  c a l c i u m .
The cu rv es show th e  range o f  v a r ia t io n  in  
th ro m b o p la stin  form ation  in  two e x p e r im e n ts . In  each  
f i v e  sam ples o f  normal alum ina plasm a were t e s t e d  w i t h • 
t h e  same p r e p a r a tio n s  o f  p l a t e l e t s  and serum.
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thafc t h i s  la r g e  v a r ia t io n  g r e a t ly  reduced  th e  u s e fu ln e s s  o f  
the t e s t  but in  p r a c t ic e  th e  t e s t  i s  n ot u sed  t o  measure 
d if f e r e n c e s  betw een two s e t s  o f  the th r ee  com ponents. In  
th e  in v e s t ig a t io n  o f  any p a r t ic u la r  ca se  on ly  one component 
i s  u s u a lly  b e in g  s tu d ie d  - th e  adsorbed plasm a in  h aem op h ilia  
or th e  serum in  C hristm as d is e a s e .  For t h i s  l im i t e d  o b je c t ­
iv e  the normal range i s  much l e s s .
In t e s t s  on 40 sam ples in  w hich the p l a t e l e t s  and serum  
were c o n s ta n t , but th e  alum ina plasm a was prepared  from d i f ­
fe r e n t  sam p les, th e  o b se r v a tio n s  exceed ed  th e  range shown 
by shading in  F igure on on ly  two o c c a s io n s . S im ila r  
r e s u l t s  were o b ta in ed  in  15 sam ples in  w hich th e  alum ina  
plasm a and p l a t e l e t  p r e p a r a tio n s  were co n sta n t but th e  sou rce  
o f  serum was v a r ie d .
The observed  range in  two experim en ts i s  shown in  f ig u r e  
%(o . In  each o f  th e se  experim en ts f i v e  d i f f e r e n t  sam ples 
o f  adsorbed plasma were t e s t e d  w ith  th e  same p r e p a r a tio n  o f  
serum and p l a t e l e t s .  I t  w i l l  be se en  th a t  a lth o u g h  th e  r e ­
s u l t s  in  two experim en ts are d i f f e r e n t  th e  range o f  o b serv a ­
t io n s  in  one experim ent i s  not w id e . To a s s e s s  fo r  example 
w hether or not a p r e p a r a tio n  o f  adsorbed plasm a i s  abnormal 
th e  alum ina plasm a i s  prepared s im u lta n eo u s ly  and i d e n t i c a l l y  
from normal and p a t i e n t ' s  plasm a and t e s t e d  w ith  th e  same 
p r e p a r a tio n s  o f  normal serum and p l a t e l e t s .  When ex p ressed
F igure (87)
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v a r ia t io n .
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A b sc is sa  -  tim e in  m inu tes a f t e r  a d d it io n  o f  
ca lc iu m .
In  t h i s  experim ent th e  alum ina adsorbed  plasm a  
and p l a t e l e t s  were kep t c o n sta n t  and f i v e  d i f f e r e n t  
normal se r a  were t e s t e d .
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g r a p h ic a lly  th e  d if fe r e n c e  betw een normal and abnormal sh ou ld  
be w ider than the t o t a l  normal range shown in  th e  shaded  
area o f  f ig u r e  $5" . #I f  th e  normal fo r  example corresp on d s  
to  the upper l im i t  curve C in  f ig u r e  $(o  then  th e  abnormal 
shou ld  l i e  r a th e r  below  curve D b e fo r e  a d e f ic ie n c y  o f  A.H.G. 
cou ld  be deduced. T h is does not p rov id e  a q u a n t ita t iv e  
a ssa y  but on ly  p ro v id e s  an a ssessm en t betw een  normal and 
abnorm al.
The tech n iq u e  can be m o d ified  to  g iv e  a q u a n t i ta t iv e  
a ssessm en t o f  th e  in d iv id u a l f a c t o r s .  For exam ple, i f  a 
serum fa c to r  i s  th ou ght t o  be d e f i c i e n t  an approxim ate m easure  
o f  the e x te n t  o f  th e  d e f ic ie n c y  can be o b ta in ed  by c a rr y in g  
out th e  th rom b op lastin  g e n e r a t io n  t e s t  on a 1 in  10 d i l u t i o n  
o f  th e  p a t i e n t ' s  serum and comparing the r e s u l t in g  curve  
w ith  a s e r i e s  o f curves prepared  u s in g  d i lu t io n s  o f  normal 
serum. I f  th e  1 in  10 d i lu t io n  o f  th e  p a t i e n t ' s  serum  
g iv e s  a curve s im ila r  to  th a t  o f  th e  1 in  100 d i lu t io n  o f  
normal serum, th e  p a t i e n t ’s serum may be s a id  to  have 10 %  
o f  th e  normal th rom b op lastin -form in g  c a p a c ity .
A more s a t i s f a c t o r y  method o f  a ssa y in g  A.H .G . or th e  
Christm as fa c to r  i s  t o  make th e  d i lu t io n s  o f  normal adsorbed  
plasma not in  s a l in e  but in  h aem op h ilic  adsorbed plasm a fo r  
th e  A.H.G. a ssa y  and o f  normal serum in  C hristm as d is e a s e  
serum fo r  th e  C hristm as fa c t o r  a s s a y . T h is i s  d e sc r ib e d
e lsew h ere  (see  appendix page ) .
H aem op h ilia : In  f ig u r e  88 are shown th e  r e s u l t s  o f
ca rry in g  out t h i s  t e s t  on plasma sam ples from f i v e  haemo­
p h i l i a c s .  In  each o f  th e se  exp erim en ts th e  alum ina p lasm as  
from th e  normal and th e  h aem op h ilic  s u b je c ts  were compared 
in  t h e ir  a b i l i t y  to  form b lo o d  th r o m b o p la stin , u s in g  p rep ara ­
t io n s  o f  p l a t e l e t s  and serum from normal s u b j e c t s .  In  th e s e  
o b se r v a tio n s  no f in e  d i s t i n c t i o n  betw een normal and abnormal 
was req u ired  and th e  t o t a l  observed  range o f  normal v a r ia ­
t io n  i s  shown.
The t e s t  i s  more s e n s i t iv e  th an  o th er  la b o r a to r y  t e s t s  
fo r  h a em o p h ilia . As w i l l  be seen  in  the ap p en d ix , m ild  
h aem op h iliacs w ith  normal w hole b lo o d  c l o t t i n g  tim e and normal 
prothrom bin consum ption gave very  abnormal r e s u l t s  on th e  
th rom b op lastin  g e n e r a tio n  te c h n iq u e . Not o n ly  i s  th e  
tech n iq u e s e n s i t iv e  to  th e  d e fe c t  but th e  th ro m b o p la stin  
g e n e r a tio n  t e s t  g iv e s  a more s p e c i f i c  d ia g n o s is  than th e  
oth er  te c h n iq u e s , w hich on ly  d e te c t  a th ro m b o p la stin  abnorm al­
i t y  i r r e s p e c t iv e  o f  i t s  c a u se .
The s e n s i t i v i t y  o f  th e  th ro m b o p la stin  g e n e r a t io n  t e s t  
to  the h aem op h ilic  d e fe c t  i s  w e l l  i l l u s t r a t e d  by exp erim en ts  
on m ix tu res o f  normal and h aem op h ilic  adsorbed plasm a when 
one p a r t o f  normal i s  m ixed w ith  n in e  p a r ts  o f haem op h ilic  
plasm a the c lo t t in g  tim e and r a te  o f prothrom bin consum ption
F i g u r e  ( 8 8 )
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T h ro m b o p la st in  G e n e r a t io n  T e s t  -  a p p l i c a t i o n  
'in h a em o p h ilia .
O rd in a te  -  p e r c e n ta g e  t h r o m b o p la s t in .
A b sc is sa  -  tim e in  m in u tes a f t e r  a d d it io n  
o f  ca lc iu m .
T h is f ig u r e  shows th e  th ro m b o p la stin  g e n e r a t io n  
t e s t  on f i v e  h a em o p h ilia cs  (co n tin u o u s  l i n e s )  and 
the co rresp o n d in g  norm als fo r  each  t e s t  (d iscontinue*! 
l in e^  .
140*1 Percentage ✓ r
120
\ /
1 0 0 -
80-
60
40-
20-
Time in minutes
~ Z 3 t -
are u s u a lly  normal in  th e  m ix tu r e s . In  com parison even  
50%  m ix tu res o f  normal and h aem op h ilic  plasm a in  th e  throm bo­
p l a s t i n  g e n e r a tio n  t e s t  are s t i l l  m arkedly abnorm al. (s e e  
f ig u r e  ) .
I t  i s  a w e l l  r ec o g n ize d  phenomenon th a t  a h a em o p h ilic  
p a t i e n t ,  tr a n s fu s e d  w ith  b lo o d  or p lasm a, may co n tin u e  to  
b le e d  d e s p ite  c o r r e c t io n  o f  the w hole b lo o d  c l o t t i n g  tim e  
and prothrom bin consum ption. On one o c c a s io n  a c h i ld  aged  
6J y e a r s  and w eigh in g  40 l b .  r eq u ire d  th e  e x tr a c t io n  o f  two  
t e e t h .  He was g iv e n  one p in t  o f  f r e s h  plasm a and tw o- 
th ir d s  o f  a p in t  o f  f r e s h  whole b lo o d  b e fo r e  the e x t r a c t io n s .  
H is w hole b lood  c lo t t i n g  tim e and prothrom bin consum ption  
ind ex  were norm al, but he b le d  more th an  normal and h fs  
th rom b op lastin  g e n e r a tio n  rem ained abnormal ( f i g .  9 o  ) .
C hristm as D is e a s e . In  f ig u r e  9 1 i s  shown th e  throm bo­
p l a s t i n  form ation  in  f i v e  c a se s  o f C hristm as d i s e a s e .  The 
shaded area  shows th e  t o t a l  range o f  th ro m b o p la stin  fo rm a tio n  
u sin g  normal alum ina plasm a and serum sam ples w hich were 
t e s t e d  in  p a r a l l e l  w ith  the sam ples from th e  s u b je c t s  w ith  
C hristm as d i s e a s e .  The curves show th e  r e s u l t s  o f  r e p la c in g  
th e  normal serum by th e  p a t i e n t ’s serum.
F u n ctio n a l p l a t e l e t  d e f i c i e n c y .
The concept o f  fu n c t io n a l  p l a t e l e t  d e f ic ie n c y  was put
F igu re  (89)
T h r o m b o p la s t i n  G e n e r a t i o n  T e s t  -  a p p l i c a t i o n  i n  
h a e m o p h i l i a #
O r d i n a t e  -  p e r c e n t a g e  t h r o m b o p l a s t i n #
: A b sc is sa  -  tim e in  m in u tes a f t e r  a d d it io n  o f  ca lc iu m .
T h is  f ig u r e  shows th e  th ro m b o p la stin  g e n e r a t io n  t e s t  
w ith  th e  normal serum and p l a t e l e t s  c o n s ta n t  and th e  
:adsorbed plasm a v a r ie d . The adsorbed  p lasm as t e s t e d  
were norm al, h aem oph ilic  and a m ixtu re  o f  eq u a l p a r ts  
o f  b o th .
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T h ro m b o p la s t  i n  g e n e r a t i o n  t e s t  -  a p p l i c a t i o n  i n  
haem oph i l ia .  •
O rdinate -  p ercen ta g e  th r o m b o p la stin .
A b sc is sa  -  tim e in  m in u tes a f t e r  a d d it io n  o f  
ca lc iu m .
T h is  f ig u r e  shows th e  abnormal th ro m b o p la stin  
g e n e r a t io n  t e s t  in  a h aem op h iliac  (lo w er  g r a p h ), who 
has r e c e iv e d  b lo o d  t r a n s fu s io n  s u f f i c i e n t  to  r e s to r e  
o th er  t e s t s  to  norm al. The d e f e c t iv e  th r o m b o p la stin  
fo rm a tio n  in  t h i s  p a t ie n t  i s  compared w ith  th e  r e s u l t  
from a norm al.
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T h r o m b o p l a s t i n  g e n e r a t i o n  t e s t  -  a p p l i c a t i o n  i n
C h r i s t m a s  d i s e a s e .
O rdinate -  p ercen ta g e  th r o m b o p la s t in .
A b sc is sa  -  tim e in  m in u tes a f t e r  a d d it io n  o f  
c a lc iu m .
T h is f ig u r e  shows th e  th r o m b o p la stin  g e n e r a t io n  
t e s t  on f i v e  p a t ie n t s  w ith  C hristm as d is e a s e  (co n tin u o u s  
TLines) and th e  co rresp o n d in g  norm als fo r  each t e s t  
(d is c o n t in u o u s  l i n e s ) .
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forward by Glanzmann (1 9 1 8 ) .  I t  I s  probab le  th a t  some 
p a t i e n t s  who were o r i g i n a l l y  p la c e d  in  t h i s  c a te g o ry  would  
now be c a l l e d  c a se s  o f  d i f f u s e  c a p i l l a r y  d e f e c t s  or von  
W ille b r a n d ’s d i s e a s e .  T h is  type o f  f u n c t io n a l  p l a t e l e t  
d e f i c i e n c y  i s  sometimes c a l l e d  th rom b oa sth en ia . The name 
sh ou ld  be r e s e r v e d  fo r  th e  few p a t i e n t s  d e s c r ib e d  who have 
f u n c t i o n a l l y  and m o rp h o lo g ic a l ly  abnormal p l a t e l e t s .
An example o f  t h i s  c o n d it io n  i s  d e sc r ib e d  i n  Chapter '0 
This p a t i e n t ’s b lo o d  c o n ta in e d  g ia n t  p l a t e l e t s  a lm ost as  
la r g e  as red  c e l l s .  When compared in  equal numbers w ith  
normal p l a t e l e t s ,  the p a t i e n t ’s p l a t e l e t s  behaved abnorm ally  
in  the th rom b o p last in  g e n e r a t io n  t e s t ,  s e e  f i g u r e  . By 
comparison w ith  d i l u t i o n s  o f  normal p l a t e l e t s ,  th e  p a t i e n t ’s 
p l a t e l e t s  were o n ly  about one t e n th  o f  the  p o ten cy  o f  th e  
norm al.
Throm boplastin in h ib i t o r s .
T h is  s u b je c t  i s  d e a l t  w ith  i n  much g r e a t e r  d e t a i l  in  
Chapter '7 but the  a p p l i c a t io n  o f  th e  th r o m b o p la s t in  g e n ­
e r a t io n  t e s t  t o  th e  d ia g n o s is  o f  t h e s e  w i l l  be d e s c r ib e d  here
T his i s  an acq u ired  c o a g u la t io n  d e f e c t  c h a r a c t e r i s e d  
by d e f e c t i v e  prothrom bin consumption:when the  adsorbed  
plasma from the p a t i e n t  i s  in t e r a c t e d  w ith  normal serum or 
normal adsorbed plasma w ith  p a t i e n t ’s serum th en  th e r e  i s  
d e f e c t i v e  t h r o m b o p l a s t i n  f o r m a t i o n  i n  b o t h  o f  t h e s e
F igu re  (92)
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f u n c t i o n a l  p l a t e l e t  d i s o r d e r s .
O rd in a te  -  p e r c e n ta g e  t h r o m b o p la s t in .
A b s c is s a  -  tim e i n  m inu tes  a f t e r  a d d i t io n  o f  
ca lc iu m .
T h is  f ig u r e  shows th e  r e s u l t s  o f  th e  th r o m b o p la s t in  
g e n e r a t io n  t e s t  on equal numbers o f  p l a t e l e t s  from 
th e  normal and a p a t i e n t  w ith  a f u n c t io n a l  p l a t e l e t  
d is o r d e r .
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, com binations o f  r e a g e n t s .  Furthermore when sm all  c o n c e n tr a ­
t io n s  o f  t h e  p a t i e n t ’ s adsorbed plasma or o f  th e  p a t i e n t ’s 
serum are added t o  the normal r e a g e n ts  capable  o f  forming  
th ro m b o p la s t in  the form ation  i s  i n h i b i t e d .  The r e s u l t s  o f  
such an experim ent are i l l u s t r a t e d  i n  f ig u r e  9 3  . In  t h i s  
experim ent normal adsorbed plasm a, p l a t e l e t s  and normal 
serum were prepared and shown capable  o f  i n h i b i t i n g  thrombo­
p l a s t i n  fo r m a tio n . In  th r ee  t e s t s  f i n a l  d i l u t i o n s  o f  1 
in  1 0 0 , 1 in  250 and 1 in  500 o f  th e  p a t i e n t ’s adsorbed  
plasma were added to  th e  m ix tu res  form ing th ro m b o p la s t in .
I t  w i l l  be s e e n  t h a t  a t  a c o n c e n tr a t io n  o f  1 in  250 the  
p a t i e n t ’s plasma i n h ib i t e d  th e  fo rm a tio n  o f  b lo o d  thrombo­
p l a s t i n .  The p a t i e n t ’s serum was s i m i la r l y  i n h ib i t o r y .
The th ro m b o p la s t in  g e n e r a t io n  t e s t  i s  t e c h n i c a l l y  r e l ­
a t i v e l y  s im p le ,  th e  f i n a l  t e s t  system  b e in g  e s s e n t i a l l y  a 
s e r i e s  o f  one s ta g e  ’’prothrom bin” t im e s .  The p r e p a r a t io n  
o f ’th e  p l a t e l e t  su sp en sio n  i s  tim e consuming and the  t e s t  
has r e c e n t l y  b een  m o d if ie d  by s u b s t i t u t i o n  o f  a l i p o i d  p r e ­
pared  from b r a in .  T h is  l i p o i d  i s  capable  o f  r e p la c in g  
p l a t e l e t s  but i s  not th r o m b o p la s t ic  on i t s  own. Throughout 
the  work d e sc r ib e d  in  t h i s  t h e s i s  p l a t e l e t s  were used  in  
the  t e s t .
When a p p l ie d  t o  the i n v e s t i g a t i o n  o f  a p p ro p r ia te  problem  
the  t e s t  has g r e a t  advantages over any p r e v io u s ly  d e sc r ib ed
-  2. 3 0  -
t e c l in iq u e s . U sing  t h i s  t e s t ,  i t  i s  p o s s i b l e  t o  d i f f e r e n ­
t i a t e  betw een  the  a b n o r m a lit ie s  in  which th e r e  i s  a r ed u c ­
t i o n  i n  th e  form ation  o f  b lo o d  th r o m b o p la s t in .  Moreover 
the  t e s t  i s  a more s e n s i t i v e  in d ic a t o r  o f  abnorm ality  than  
any p r e v io u s ly  d e sc r ib e d  proced u re .
T h is  work was c a r r ie d  out in  c o n ju n c t io n  w ith  Dr. R ose­
mary B ig g s  and has been  p u b l i s h e d .  (J .  c l i n .  P ath . 1953 ,
6 ,  2 3 ) .  'The r e le v a n t  exp er im en ta l data i s  d e sc r ib e d  in  
the appendix p a ges  $0^ -83 /.
Prothrombin A s s a y : Tw o-stage methods have b een  d e ­
s c r ib e d  which are b e l i e v e d  t o  g iv e  tru e  a s sa y s  o f  prothrom­
b i n ,  the g lo b u l in  f r a c t i o n  method (Douglas and B ig g s  1953)  
and th e  area  method (B iggs and Douglas 1 9 5 3 ) .  These a l s o  
are d e sc r ib e d  in  the  appendix , page <570. The f i r s t  method 
i s  dependent on the s e p a r a t io n  o f  prothrombin from a n t i ­
thrombin and i t s  subsequent a c t i v a t i o n  by b r a in  th ro m b o p la s t in  
and c a lc iu m . The second method i s  a tw o -s ta g e  tech n iq u e  
where th e  g e n e r a t io n  o f  throm bin from the plasma i s  fo l lo w e d ,  
u n t i l  i t s  com plete d e s t r u c t io n  by an tith rom b in . The a r ea s  
e n c lo s e d  by the curves are then  compared, th e  t e s t  plasma  
a g a in s t  a normal p lasm a.
F ib r in o g e n  A s s a y : The method used  in  t h i s  work was a
m icro-Ejeldahl tech n iq u e  d e sc r ib e d  in  d e t a i l  in  th e  appendix
ure (9 3 )
.i cy-re (C3)
Throm boplastin  G en eration  T e s t  -  a p p l i c a t io n  in  
d ia g n o s i s  o f  c i r c u l a t i n g  th r o m b o p la s t in  i n h i b i t o r s .
O rdinate -  p ercen ta g e  th r o m b o p la s t in .
A b s c is s a  -  tim e i n  m inu tes  a f t e r  a d d i t io n  o f  
ca lc iu m .
T h is  f i g u r e  shows the  i n h i b i t i o n  o f  th r o m b o p la s t in  
fo rm a tio n , by th e  a d d i t io n  to  a th r o m b o p la s t in  
g e n e r a t in g  sy stem , o f  adsorbed plasm a from a p a t i e n t  
w ith  a c i r c u l a t i n g  a n t ic o a g u la n t .  The curve l a b e l l e d  
5% gave a f i n a l  d i l u t i o n  o f  V 5 0 0  ° i  i n h i b i t o r  i n
th e  in c u b a t io n  m ixture  and th e  curve l a b e l l e d  10% 
gave a f i n a l  d i l u t i o n  o f V 2 5 0  o f  th e  i n h i b i t o r  i n  the  
in c u b a t io n  m ix tu r e .
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page 3D8Q . One ml. o f  plasma was d i lu t e d  w ith  twenty- 
t im es i t s  volume o f c i t r a t e - s a l i n e  and then th e  f ib r in o g e n  
c l o t t e d  w ith  1 ml. o f  thrombin. A f te r  a l lo w in g  adequate  
tim e f o r  th e  f i b r i n  to  form i t  was c o l l e c t e d  by r o l l i n g  
on t o  a g l a s s  rod. The f i b r i n  w h ile  s t i l l  on the  g la s s  
rod was washed tw ice  w ith  s a l i n e .  The f i b r in  was then  
removed from th e  g l a s s  rod, washed and tr a n s fe r r e d  to  
the  d ig e s t io n  tube o f  th e  m icro -K je ld ah l apparatus.
Thrombin-Fibrinogen R ea ct io n . This techn iqu e  i s  
a l s o  d e sc r ib e d  in  d e t a i l  in  th e  appendix. D i lu t io n s  
in  s a l i n e  are made o f  a normal plasma and the  t e s t  plasma.
A p rep a ra tio n  o f  thrombin i s  added to  th e s e  and th e  
c l o t t i n g  t im es  recorded . The two common causes o f  
d is tu rb a n c e  o f  the  th rom b in -f ib r in ogen  r e a c t io n  are a 
d e f i c i e n c y  o f  f ib r in o g e n  and th e  presen ce  o f  heparin  or  
a l l i e d  compounds.
Measurement o f  F ib r i n o l y t i c  A c t iv i t y :  This should  be
s tu d ie d  p a r t i c u la r ly  where i t  i s  obsei-ved th a t  the  f i b r in  
c l o t ,  formed in  a specimen o f  blood c o l l e c t e d  from the  
p a t ie n t ,d i s a p p e a r s  on s ta n d in g . A method o f  approximate  
a s s a y  i s  d escr ib ed  in  the  appendix . D i lu t io n s  o f  plasma 
are made w ith  s a l i n e  and th e s e  c l o t t e d  w ith  a s o lu t io n  o f  
ohrombin or w ith  calcium  c h lo r id e .  These are then  incubated  
a t  37°G, and th e  p rog ress  o f  l y s i s  o f  th e  c lo t s  observed at
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i n t e r v a l s .  A c t iv e  f i b r i n o l y s i s  may be found as an o c c a s io n a l  
c o m p lic a t io n  o f  parenchymatous h e p a t ic  d i s e a s e ,  p r o s t a t i c  
carcinoma w ith  m e ta s ta s e s ,  pregnancy, s u r g ic a l  shock p ar­
t i c u l a r l y  a f t e r  burn i n j u r i e s ,  a f t e r  pulmonary op era tio n s  
and l e s s  o f t e n  in  a v a r ie t y  o f  o ther  d i s e a s e s .
C a p i l la r y  m icro sco p y : T h is  i s  t e c h n ic a l ly  a sim ple
procedure t o  perform b u t r e q u ir e s  co n s id era b le  ex p er ien ce  
fo r  c o r r e c t  in t e r p r e t a t io n .  Using a s tro n g  l i g h t ,  the bed  
o f  the f in g e r  n a i l  i s  i l lu m in a te d  and smeared w ith  immersion  
o i l .  The c a p i l l a r i e s  are s tu d ie d  u s in g  the low power o f  
the  m icro sco p e . The exam ination i s  req u ired  in  b le e d in g  
s t a t e s  w ith o u t demonstrable c o a g u la t io n  d e f e c t .  The con­
d i t i o n s ,  which may be d iagnosed by t h i s  technique are h ered ­
i t a r y  d is tu rb a n c es  o f  the c a p i l l a r i e s .  One o f  th e se  i s  
d i f f u s e  and no abnorm ality  can be determined on ordinary i n ­
s p e c t io n  o f  th e  s k in .  This c o n d it io n  i s  probably th a t  de­
s c r ib e d  in  the l i t e r a t u r e  as von-W illeb ran d ’s d is e a s e  or 
p seu d oh a em o p h ilia . ,  In  c o n tr a s t  t o  t h i s  d i f f u s e  c a p i l la r y  
d e f e c t  th e r e  are more l o c a l i s e d  ty p e s ,  th e  c o n d it io n  c a l l e d  
h e r e d ita r y  t e l e a n g i e c t a s i a  and the ra rer  one o f  d i f f u s e  
angiokeratom a. In some ca ses  o f  id io p a th ic  thrombocyto­
p e n ia  a s t r u c t u r a l  c a p i l l a r y  abnorm ality  may a l s o  be seen .
Whole b lo o d  c l o t t i n g  t im e : Two tech n iq u es  were used
throughout th e se  i n v e s t i g a t io n s .  The second method was 
in trod u ced  during the l a s t  two years  o f  the  work because  
c a se s  were not in fr e q u e n t ly  seen  away from my own h o s p i t a l  
and la b o r a to ry  and in  consequence i t  was d i f f i c u l t  t o  main­
t a i n  tem perature a t  37° C.
Method ( 1 ) . The d e t a i l s  o f  t h i s  are g iv e n  in  the  
appendix paged'GS'; i t  i s  a m odication  o f  the Lee and White 
(1913) techn iqu e  and i s  d escr ib ed  by B iggs and M acfarlane  
(1 9 5 3 ) .  Four tubes o f  standard c a l ib r e  are u sed , main­
ta in e d  a t  37° C. and su bseq uently  where n e c essa ry  the p r o ­
thrombin consumption o f  the specimens s tu d ie d  by M erskey’s 
method. A wide bore need le  must be used for  the  c o l l e c t i o n  
o f  the b loo d  by c le a n  venepuncture. No fr o th in g  i s  p erm is­
s i b l e  during th e  c o l l e c t i o n .  These r u le s  are e s s e n t i a l  
a l s o  f o r  th e  prothrombin consumption tech n iq u e . Methods 
u s in g  c a p i l l a r y  g l a s s  tub ing are o f  very l im i t e d  v a lu e .
I f  th e  whole b lo o d  c l o t t i n g  time i s  prolonged  t h i s  i s  i n ­
d i c a t iv e  o f  an abnorm ality  o f  the c o a g u la t io n  system . Un­
f o r t u n a t e ly  th ere  may be a s e r io u s  haemorrhagic d e f e c t  in  
the  p resen ce  o f  a normal whole blood c l o t t i n g  t im e .  This  
t e s t  may be prolonged in  p a t i e n t s  w ith  haem ophilia  or Christmas 
d is e a s e  or c i r c u la t in g  a n t ic o a g u la n ts  or a d e f i c i e n c y  o f  
f ib r in o g e n .  I t  may a l s o  be prolonged as a consequence of  
h ep a r in  th erap y . In the o ld er  d e s c r ip t io n s  of haem ophilia
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a p ro longed  whole blood c l o t t i n g  tim e was an e s s e n t i a l  o f  
d ia g n o s i s .  I t  i s  now a p p rec ia ted  th a t  in  th is  c o n d it io n  
the c o a g u la t io n  time may be normal.
Method ( 2 ) . ( s e e  page-S'&d' o f  the a p p en d ix ) . Tubes 
o f  1 0 -1 1  mm. c a l ib r e  were used and th e se  were m aintained  a t  
ward tem p eratu re , on ly  b e in g  in c l in e d  once every  f i v e  m in u tes .
Calcium C lo t t in g  Time. See appendix page ^ 6 ^ .  To 
0 .1  m l. o f  plasma i s  added 0 .1  m l. o f  s a l i n e  and 0 .1  m l. o f  
m/40 ca lc ium  c h lo r id e .  The c l o t t i n g  time i s  recorded .
In  c o n d it io n s  where the whole b lood  c l o t t i n g  time i s  pro­
lo n g e d ,  the calcium  c lo t t i n g  tim e i s  a l s o  l i k e l y  to  be lo n g er  
than norm al. I t  has the same l im i t a t io n s  o f  in t e r p r e t a t io n  
as the whole b lood c l o t t i n g  tim e; i t  may be normal in  the  
p resen ce  o f  s i g n i f i c a n t  d is tu rb ance  o f  the  c o a g u la t io n  
system . I t  i s  a v a lu a b le  tec h n iq u e , however, fo r  s tu d y in g  
m ixtu res  o f  plasm a. The mutual c o r r e c t io n  o f  haem ophilia  
and Christm as d i s e a s e ,  fo r  example, can be s tu d ied  by t h i s
t e s t .  The p resen ce  o f  a c i r c u la t in g  a n t ic o a g u la n t  can be 
#
proved by the  f in d in g  th a t  the a d d it io n  o f  a sm all amount o f  
the  t e s t  plasma w i l l  pro long  the  calcium  c l o t t i n g  time o f  
normal p lasm a.
Prothrombin Consumption T e s t . This t e s t  i s  dependent 
on the a ssa y  o f  prothrombin In serum a f t e r  b lood  has s to od
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fo r  an hour a t 37° C. I t  has been fundam ental to  th e  p ro ­
g r e s s  o f  our knowledge o f throm bop lastin  d e f i c i e n c i e s ,  but 
has been  ra th er  superceded in  the ro u tin e  d ia g n o s is  o f  
haem orrhagic s t a t e s  by th e  throm boplastin  g e n e r a tio n  t e s t . 
N e v e r th e le s s  i t  rem ains as an im portant procedure fo r  a l l  
in t e r e s t e d  in  t h i s  f i e l d  o f  r e se a r c h . D e fe c t iv e  prothrom bin  
consum ption i s  a n o n -s p e c if ic  in d ic a t io n  o f a d e fe c t  in  the  
th rom b op lastin  mechanism. T h is may be caused by h a em o p h ilia , 
C hristm as d isease^ th rom b ocytop en ia  or th e  p resen ce  o f  c i r ­
c u la t in g  a n t ic o a g u la n ts .
The techn iqu e used during the e a r l ie r  years o f  th e se  
s tu d ie s  was th a t d escr ib ed  by Merskey (1950) and in  the l a t e r  
in v e s t ig a t io n s  the method d escr ib ed  by D ouglas and B iggs  
(1953) was em ployed. The method described- by Merskey does  
n ot a llo w  fo r  changes in  the antithrom bin  con ten t betw een  
plasm a and serum and g iv e s  to o  h igh  a read in g  o f th e  p ro ­
throm bin co n ten t o f serum. For ro u tin e  d ia g n o s t ic  p u rp o ses , 
how ever, i t  i s  s a t i s f a c t o r y .  The method d escr ib ed  by 
D ouglas and B ig g s (1 9 5 3 )g iv e s  a more accu rate  e stim a te  o f  the  
prothrom bin con ten t but i s  r a th er  more la b o r io u s .
Thrombin G en eration  T e s t . Again t h i s  i s  an im portant 
tech n iq u e  when engaged on r e se a r c h  problems o f b lo o d  c lo t t in g  
b u t i t  i s  not o f  prime im portance in  th e  r o u tin e  d ia g n o s is  
o f  haem orrhagic d is e a s e  . The techn iqu e can be c a r r ie d  o u t
-  Z 5 ° i  -
e i t h e r  on w hole h lood  or on p lasm a. The p a tte r n  o f  throm­
b in  g e n e r a t io n  i s  fo llo w e d  by tr a n s fe r r in g  a liq u o ts  a t in ­
t e r v a l s  in to  f ib r in o g e n . The methods are d e scr ib ed  in  de­
t a i l  in  th e  exp erim en ta l appendix page .
CURRENT CLASSIFICATION OP HAEMQRRHAGIC DISEASE.
The p l a t e l e t  co u n t, the b le e d in g  tim e and the c a p i l la r y  
• r e s is ta n c e  t e s t  w i l l  g e n e r a lly  in d ic a te  whether the d e fe c t  
i s  in  th e  p l a t e l e t - c a p i l l a r y  group. I f  th e se  are a l l  norm al, 
th e  d e fe c t  i s  sought in  th e  c o a g u la tio n  mechanism i t s e l f .
The c o n d it io n s ,w h ic h  t h i s  scheme o f la b o r a to r y - in v e s t ig a t io n  
en ab le  us t o  d i f f e r e n t ia t e  are shown in  Table f l  .
C urrent C la s s i f i c a t io n  o f  Haemorrhagic D iso rd ers
T his T able c l a s s i f i e s  the c o n d itio n s  in to  th o se  which have 
p redom inan tly  an abnorm ality o f th e  p l a t e l e t s  or c a p i l l a r ie s  
and th o s e  where th e r e  i s  ev id en ce  o f  in te r fe r e n c e  w ith  th e  
c o a g u la t io n  mechanism.
(&) P la t e le t - C a p i l la r y  D iso r d e r s .
Q u a n tita t iv e  P la t e le t  D e f ic ie n c y  In creased  d e s tr u c t io n .
(Throm bocytopenia) F a ilu r e  o f  form ation .
Q u a li ta t iv e  P la t e le t  D e f e c t .  —  Rare c o n d it io n  w ith , a t
p r e se n t , p o o r ly  d e fin e d  
c h a r a c t e r i s t i c s .
TABLE H
C a p illa r y  D e fe c ts D iffu s e
t a s i a .
S cu rvy .
' Z U O -
( b ) D iso r d e rs  due to  In te r fe r e n c e  w ith  C o a g u la tio n .
( i )  D e f ic ie n c y  o f c o a g u la tio n  f a c t o r s .
Prothrom bin
T hrom boplastin  Components. 
F a cto r  V
F a cto r  V II
A n tih aem op h ilic  globulin^
Christm as f a c t o r . -------------
P la t e l e t s  .<
F ib r in o g e n .
Coumarin th era p y . 
L iver  d is e a s e  .
New born in f a n t s .  
V itam in K d e f ic ie n c y  
I d io p a th ic .
L iv er  d i s e a s e .
H ered itary  
I d io p a th ic .
Coumarin th erap y .
L iver  d i s e a s e .
New born in f a n t s .
V itam in K d e f ic ie n c y .  
I d io p a th ic .
H aem ophilia.
Christm as d is e a s e .
In creased  d e s tr u c t io n .  
F a ilu r e  o f  form ation .
I d io p a th ic .
L iver  d is e a s e .
H er ed ita r y .
P o ss ib ly  in tr a v a sc u la r  
c lo t t in g  in  pregnancy,
or a f t e r  pulmonary opera­
t io n .
( i i )  In te r fe r e n c e  w ith  r e a c t io n s  w ith in  the co a g u la ­
t io n  mechanism.
T h rom b in -fib rin ogen  r e a c t io n
Form ation o f i n t r in s i c  
th ro m b o p la stin .
H eparin.
D e f ic ie n c y  o f f ib r in o g e n .  
H eparin.
C ir c u la t in g  a n tic o a g u la n ts
( i i i )  D e s tr u c t io n  o f  f ib r in
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A c tiv e  f i b r i n o l y s i s .  — --- O ccasion a l c o m p lic a tio n
o f  o th er  c o n d it io n s , e . g .
Parenchymatous h e p a tic  d i s e a s e .
P ro sta te  carcinom a w ith  
m e ta s ta s is .
Pregnancy.
S u r g ic a l shock p a r t ic u la r ly  
a f t e r  burn in j u r ie s  or 
pulmonary o p e r a tio n .
S U M M A R Y
(1 ) F ea tu res o f  s ig n if ic a n c e  on c l i n i c a l  a ssessm en t o f
p a t ie n t s  w ith  haem orrhagic d is e a se  are d is c u s s e d .
(2 ) The la b o r a to ry  procedures employed in  d ia g n o s is  and
in v e s t ig a t io n  are c r i t i c a l l y  rev iew ed . These are  
d iv id e d  in to  th o s e , which are e s s e n t i a l  fo r  d ia g n o s is  
in  a l l  ca ses where a h aem osta tic  d e fe c t  i s  c o n s id e r e d ,  
and in to  a second ca teg o ry  where the t e s t s  are o cca ­
s io n a l ly  req u ired  depending on th e  a ssessm en t a f t e r  
com p letion  o f  th e  sc re en in g  p ro ced u res. The va lu e  
o f  c e r ta in  confirm atory  t e s t s  i s  d is c u s s e d .
The a p p lic a t io n  o f  the th rom b op lastin  g e n e ra tio n  
t e s t  to  the d ia g n o s is  o f  d iso r d e r s  o f  b lo o d  thrombo­
p l a s t i n  form ation  i s  con sid ered  in  d e ta .i l .
(3 ) A cu rren t c l a s s i f i c a t i o n  o f  haem orrhagic d iso r d e r s  i s
d e sc r ib e d  to g e th e r  w ith  the a e t io lo g y  o f  th e  abnormal­
i t i e s .
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CONTENTS.
THROMBOCYTOPENIA.
I d io p a th ic .
(1 ) Acute throm bocytopenia.
(2 )  Chronic throm bocytopenia .
(3 )  P la t e le t  a g g lu t in in s  and l y s i n s .
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CHAPTER fO  
P L A T E L E T  D I S O R D E R S
As a consequence o f  my i n t e r e s t  in  haem orrhagic d i s -  
o rd ers a c o n s id e r a b le  number o f  p a t ie n t s  have been  se e n  w ith  
throm bocytopenia . My s tu d ie s  in  t h i s  a sp e c t  o f  th e  haemorr­
h a g ic  d is e a s e s  have y ie ld e d  l i t t l e  which i s  new and th e r e fo r e  
I  w i l l  d e a l b r i e f l y  w ith  t h i s  s e c t io n .  An accou nt o f  some 
o f  th e se  s t u d ie s  has been  in co rp o ra ted  In  the exp erim en ta l  
appendix w ith  p a r t ic u la r  r e fe r e n c e  to  p l a t e l e t  a n t ib o d ie s .  
S e v e r a l months were sp en t on u n su c c e s s fu l a ttem p ts t o  demon­
s t r a t e  th ese  in  id io p a th ic  throm bocytopenia , w h ile  w orking in  
D r. D a c ie ’s  departm ent a t  the P ostgrad u ate  M edical S c h o o l,  
Hammersmith H o s p ita l ,  London.
The throm bocytopenic s t a t e s  have in  common a d ecrea sed  
number o f  c ir c u la t in g  b lo o d  p l a t e l e t s .  T h is r e d u c tio n  in  
th e  number o f  c ir c u la t in g  p l a t e l e t s  may r e s u l t  from an i n ­
c re a sed  d e s tr u c t io n  o f  b lo o d  p l a t e l e t s  in  th e  p e r ip h e r a l c i r ­
c u la t io n  or t o  a f a i lu r e  o f  d e l iv e r y  o f  p l a t e l e t s  from the  
bone marrow. Bone marrow exam in ation  can be o f  c o n s id er a b le  
h elp  in  the d i f f e r e n t ia t io n  o f  th e se  two ty p e s  o f  thrombo­
c y to p e n ia . In  th e  p a t ie n t s  where th e r e  i s  an in c re a se d  
p e r ip h e r a l d e s tr u c t io n  o f  p l a t e l e t s  th e re  i s  l i k e l y  to  be a 
normal or o f te n  In crea sed  number o f  m egakaryocytes in  th e
bone marrow. Where th e re  i s  f a i lu r e  o f d e l iv e r y  o f  p l a t e ­
l e t s  from the bone marrow, i t  i s  l i k e l y  th a t th ere  w i l l  be 
a reduced  number or absence o f  m egak aryocytes. Though 
t h i s  in  g e n e ra l i s  tru e  in  my ex p er ien ce  i t  i s  o f te n  d i f f i ­
c u l t  t o  determ ine from a marrow smear or s e c t io n ,  w hether  
th e re  i s  a normal number o f  m egakaryocytes or o th e r w ise .  
Som etimes th e  m egakaryocytes are normal in  number and app ear­
ance though the throm bocytopenia i s  n o n -r e g e n e r a t iv e . Drug 
throm bocytopenia can a l s o  be due e i t h e r  t o  in c r e a se d  p e r ­
ip h e r a l d e s tr u c t io n  or f a i lu r e  o f  fo rm a tio n .
IDIOPATHIC THROMBOCYTOPENIA.
The p a t ie n t s  w ith  t h i s  c o n d it io n  can in  g e n e r a l be d iv ­
id ed  in to  acu te  and ch ron ic  c a te g o r ie s .  The acu te  c a se s  
are n u m erica lly  more freq u en t than th e  c h r o n ic .
ACUTE THROMBOCYTOPENIA.
The acu te  form was se e n  more o f t e n  in  ch ild h o o d  though  
o c c a s io n a lly  a d u lts  were in  t h i s  c a te g o r y . In  the c o n d it io n  
in  ch ild h ood  i t  i s  som etim es p o s s ib le  to  o b ta in  a h is to r y  
o f  an a cu te  in f e c t io n ;  in  one c h i ld  th ere  was a p o s s ib le  
r e la t io n s h ip  t o  a prim ary tu b e r c u lo u s  in f e c t i o n .  B lee d in g  
u s u a lly  occu rred  in to  th e  sk in  or from any o f  th e  muoous 
membranes p a r t ic u la r ly  th e  nose and mouth and som etim es from  
o th er  p a r ts  o f th e  g a s tr o  i n t e s t i n a l  t r a c t ,  from th e  g e n i t o ­
u r in a ry  t r a c t  or in to  th e  p eriton eu m . There were th e  u su a l  
accompanying phenomena o f  in c r e a se d  b le e d in g  t im e , p o s i t i v e  
to u rn iq u e t t e s t  and im paired prothrom bin u t i l i z a t i o n .  The 
d u ra tio n  o f  th e  i l l n e s s  was fr e q u e n tly  a few w eek s, th e  
m a jo r ity  o f  the c a se s  b e in g  throm bocytopenic fo r  2 -4  w eek s, 
when th e  c o n d it io n  sp on tan eou sly  r e c o v e r e d , never to  r e tu r n .
A few rem ained throm bocytopenic and became c a se s  o f  ch ro n ic  
th rom bocytopen ia .
CHRONIC THROMBOCYTOPENIA.
T h is  w as more common i n  a d u l t s  th a n  i n  c h i ld r e n  b u t  a  
few  c a s e s  o f  th e  c h r o n ic  v a r i e t y  w ere s e e n  i n  c h i ld h o o d .
I t  has a course o f  months and y ea rs  w ith  a l t e r n a t in g  r em is­
s io n s  and r e la p s e s .  The c h a r a c t e r i s t i c  com p la in t in  th e se  
p a t ie n t s  was o f  spontaneous b r u is in g  o f  the l e g s  and arms 
and to  a l e s s e r  e x te n t  o f  the body. B leed in g  from mucous 
membranes was l e s s  common but occurred  p a r t ic u la r ly  from  
the nose and can come from the g a s t r o - in t e s t in a l  t r a c t .  
P rofu se  m enstrual l o s s  was common. Women were more commonly 
a f f e c t e d  th an  men and m enorrhagia may w e l l  be th e  p r e se n t in g  
co m p la in t, the h is to r y  o f  b r u is in g  b e in g  ab sen t or m in im al.
In  o n ly  a sm a ll number o f  p a t ie n t s  was th e  sp le e n  p a lp a b le .
I n  th e  r e l a p s e  p e r io d  th e  p l a t e l e t  c o u n t  w as o f t e n  fo u n d  t o  
b e  b e lo w  1 0 ,0 0 0  p e r  c u .  mm. b u t  e v e n  w hen i n  r e m is s io n  th e  
c o u n t w as f r e q u e n t l y  b e lo w  th e  lo w e r  l i m i t  o f  norm al f o r  th e
method (1 8 0 ,0 0 0  per c u . mm.) -  a f ig u r e  o f  1 0 0 ,0 0 0  to  
12 0 ,0 0 0  b e in g  common.
PLATELET AGGLUTININS AND LYBINS.
R ecent in t e r e s t  in  t h i s  d is e a s e  has c en tr ed  on th e  
dem on stration  o f  p l a t e l e t  a g g lu t in in s  and l y s i n s .  One o f  
the e a r l i e s t  in d ic a t io n s  th a t the syndrome o f  throm bocyto­
p e n ic  purpura m ight be  due t o  a fa c to r  in  th e  b lo o d  stream , 
w hich d estro y ed  th e  p l a t e l e t s ,  came from th e  ex p erim en ta l work 
o f  Bfcdson; in  1922 he showed th a t  th e  in j e c t io n  o f  g u in ea  
p ig  p l a t e l e t s  in to  r a b b its  r e s u lt e d  in  th e  developm ent o f  a 
p l a t e l e t  a n tib o d y . The in j e c t io n  o f  t h i s  a n t i p la t e l e t  serum  
in to  g u in ea  p ig s  caused throm bocytopenia and damage t o  th e  
c a p i l la r y  endothelium  o f  th e s e  a n im a ls . Evans and Duane 
(1949) observed  th a t some p a t ie n t s  w ith  a cq u ired  h a em o ly tic  
anaemia had p e r s i s t e n t  n eu trop en ia  and throm bocytopenia .
They su g g ested  th a t  s in c e  acquired  h aem oly tic  anaemia i s  due 
to  a dem onstrable a g g lu t in in ,  th e  throm bocytopenia and g ra n u lo ­
p e n ia  m ight have a s im ila r  c a u se . They l a t e r  dem onstrated  
a throm bocyte a g g lu t in a t in g  f a c to r  (Evans, T ak ahash i, Duane, 
Payne and L in  1 9 5 1 ) .
S tu d ie s  on the su r v iv a l o f  tr a n s fu se d  p l a t e l e t s  appear  
to  support the h y p o th e s is  th a t  th e  p l a t e l e t s  in  Id io p a th ic  
throm bocytopenia are d estro y ed  abnorm ally r a p id ly .  I t  has  
been  shown th a t ,  in  throm bocytopenia due t o  bone marrow
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repl&cement or h y p o p la s ia , th e  p l a t e l e t s  su r v iv e  f o r  about 
two t o  fou r or f i v e  days ( S t e f a n in i ,  C h atter  je  a , Dameshek, 
Zaramas and S a n tia g o  1952 , S t e f a n in i ,  Dameshek and A d elson  
1952 , S t e f a n in i  and Dameshek 1953) b u t in  c a se s  o f  id io p a th ic  
throm bocytopenia the p l a t e l e t s  o f te n  d isap p ear  in  30 mins • 
t o  24 hours (S te fa n in i  e t  a l  1952 , Sp ague,H arrington ,L ange  
and S h a p le ig h , 1952) .
F urther and more co n v in c in g  ev id en ce  o f  an a n t i p l a t e l e t  
f a c to r  in  t h i s  d is e a s e  came from th e  o b se r v a tio n s  o f  H arrin g­
to n  and h is  c o l le a g u e s .  (H arrin gton , M innich , H o ll in g s ­
w orth and Moor 1 9 5 1 ) . The tr a n s fu s io n  o f  b lood  from p a t ie n t s  
w ith  id io p a th ic  throm bocytopenic purpura in to  normal i n d i v i ­
d u a ls  o f te n  caused a r a p id  f a l l  in  p l a t e l e t  count in  th e  
r e c ip ie n t ,  o c c a s io n a lly  w ith  a c tu a l purpura. T h is occu rred  
b o th  b e fo r e  and a f t e r  sp len ectom y in  th e  p a t ie n t s  a c t in g  as  
d on ors, even  when in  th e se  donors the p l a t e l e t  count had 
retu rn ed  to  normal fo l lo w in g  th e  sp len ectom y . H arrin gton  
e t  a l  (1953) fou n d , subsequent t o  t h e ir  e a r l i e r  in v e s t ig a ­
t i o n s ,  th a t  b lo o d  from p a t ie n t s  who had p r e v io u s ly  been  
tr a n sfu se d  or who had been  pregnant cou ld  cause a f a l l  in  
th e  p l a t e l e t  count when g iv e n  t o  normal r e c ip i e n t s .  The 
in te r p r e ta t io n  o f  th e s e  f in d in g s  i s  ren dered  d i f f i c u l t  on 
account o f  th e  o b se r v a tio n  by S t e f a n in i  and C h a tte r je a  (1952) 
and o f  W ilson  Eisemann and Chance (1952) th a t  th e  t r a n s fu s io n
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of normal b lood  or plasma to  h e a lth y  r e c ip ie n t s  w i l l  cau se  
a f a l l  In th e  p l a t e le t  co u n t. H arrington e t  a l  (1 9 5 3 )  
have demonstrated, p l a t e le t  a g g lu t in in s  in  two th ir d s  o f  
t h e i r  p a t ie n ts  and S t e f a n in i ,  H itm a n , Dameshek, C h a tter jea  
and M ednicoff (1953) in  a q u a rter  o f  t h e i r  p a t ie n t s .
In  my ex p er ien ce  th e  dem onstration  o f  th e s e  a n t ib o d ie s  
has not been s a t i s f a c t o r y .  The r e s u l t s  o f  th e  exp erim en ta l 
work c a r r ie d  out on t h i s  a t th e  P ostgrad u ate  M edical School 
in  London are d e sc r ib ed  in  d e t a i l  in  th e  app en d ix , pages — Zc?.. ? 
but d e s p ite  sevex-al m onths’ f u l l  tim e work on th e  problem  
I was not s a t i s f i e d  th a t I cou ld  dem onstrate th e s e  a n t ib o d ie s .
The s im p le st  tech n iq u e  used  was a m ixture o f  low spun normal 
plasma w ith  h ig h  spun plasma from th e  p a t ie n t .  T h is was
examined naked eye and under th e  m icroscope fo r  a g g lu t in a t io n .
The a n tic o a g u la n t was seq u estren e  which i s  sa id  n ot t o  be 
anticom plem entary, as i s  sodium c i t r a t e .  The t e s t s
were t r ie d  under v a r io u s c o n d it io n s  o f  tem perature and 
pH. The e f f e c t  o f a l t e r a t io n  o f pH by th e  a d d it io n  of HC1 
was t e s t e d .  I t  was found th a t t h i s  gave f a l s e  p o s i t i v e s  
on account probably o f some p r e c ip i t a t io n  o f  p r o te in  to  which  
th e  p l a t e l e t s  adhered. On th e  p r in c ip le  th a t  th e s e  a n t i ­
b o d ie s  m ight be in com p lete  and analogous to  c e r ta in  rhesus  
a n t ib o d ie s  th e  e f f e c t  o f  th e  a d d it io n  o f bov in e  albumin was 
t r i e d .  T his aga in  r e s u lt e d  in  f a l s e  p o s i t iv e  r e s u l t s .
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S te fa n in i  e t a l  1953 and F lu c k ig e r , H arsig  and R o l le r  (1953) 
a p p lie d  th e  p r in c ip le  o f  the red c e l l  Coombsf t e s t  (Coombs , 
Mourant and Race 1945) to  p l a t e l e t s .  I  have t r i e d  t h i s
but th e  d i f f i c u l t i e s  o f  washing p l a t e l e t s  even w ith  th e  h e lp  
o f a r e fr ig e r a te d  c e n tr ifu g e  are such th a t th e  su sp en sio n  
of p l a t e l e t s  to  which th e  Coombs’ serum was to  be a p p lie d ,  
was o fte n  showing a g g lu t in a t io n  to  a v a r ia b le  d eg ree , b e fo re  
u se  in  th e  t e s t .  Serum tended to  g iv e  more f a l s e  p o s i t i v e s  
even than th e  plasm a. The a d so rp tio n  o f  th e  se ra  w ith  
alum ina r e s u lte d  in  few er f a l s e  r e s u l t s  than were o b ta in ed  
from th e  u n trea ted  serum. A tech n iq u e  em ploying th e  
p r in c ip le  o f complement f ix a t io n  was t r ie d  ( s e e  page 83G o f  
th e  a p p en d ix ;. This gave n e g a t iv e  r e s u l t s .  R ecen tly  a 
tech n iq u e  has been d e sc r ib ed  u s in g  tanned red c e l l s .  The
p r in c ip le  of th e  method i s  th a t th e  tanned red c e l l s  become 
coated  w ith  th e  p l a t e l e t  a n tig en  by exp osin g  them to  a 
su sp en sion  o f  p l a t e l e t s  w hich have been a l t e r n a t e ly  fr o z e n  and 
thaw ed. When suspended in  a p o ten t a n t i p la t e le t  serum such  
c e l l s  undergo a g g lu t in a t io n . I  have not t r i e d  t h i s  method 
but in  g e n e ra l I th in k  th a t  th e r e  i s  more hope from t h i s  
than from tech n iq u es  where one i s  dependent on th e  a g g lu t in a t io n  
o f red c e l l s ,  r a th er  than o f  p l a t e l e t s ,  a s th e  end p o in t .
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TREATMENT OF IDIOPATHIC THROMBOCYTOPENIC PURPURA.
The p a t ie n t s  d e sc r ib ed  in  th e  appendix I l l u s t r a t e  some 
o f  th e  problem s o f  management in  t h i s  c o n d it io n . In  form er  
tim es emergency sp len ectom y was n o t in fr e q u e n t ly  r eq u ire d  
in  t h i s  c o n d it io n , but th e  in tr o d u c t io n  o f  A .C .T .H . and 
c o r t is o n e  has reduced th e  need fo r  t h i s .  Sp lenectom y i s  
g e n e r a lly  n o t in d ic a te d  in  acu te  th rom bocytopen ia , b u t i f  
th e  cou rse  i s  lo n g e r  than  fou r  t o  s i x  months th e n  i t  w i l l  
have t o  be c o n s id er ed . There i s  e v er  p r e se n t  w ith  th e  
throm bocytopenia the r i s k  o f  c e r e b r a l haemorrhage and t h i s  
i s  an im portant c o n s id e r a t io n  in  th e  management.
Splenectom y i s  in d ic a te d  in  the ch ro n ic  v a r ie t y  o f  th e  
d is e a s e .  In  ra re  exam ples o f  th e  a cu te  v a r ie t y  i t  may be 
r e q u ir e d , where c o r t is o n e  has f a i l e d  t o  m eet th e  need o f  
the c a s e .  The very  v a r ia b le  r e s u l t  o f  sp len ectom y I s  i l l u s ­
tr a te d  by the ca se  r e p o r t s .  In  some p a t ie n t s  th e r e  was a 
c o n s id er a b le  r i s e  in  th e  p l a t e l e t  count fo l lo w in g  sp len ec to m y , 
b u t by some months l a t e r  th ey  were m arkedly throm bocytopen ic  
a g a in , though o f t e n  c l i n i c a l l y  asym ptom atic. In  g e n e r a l  
th e  p a t ie n t s  are b e t t e r  fo l lo w in g  th e  sp len ectom y than  th e y  
were b e fo re  even  though no su s ta in e d  r i s e  in  p l a t e l e t  count 
has occu rred . In  o th ers  su b je c te d  to  sp len ectom y th e r e  was 
a s a t i s f a c t o r y  r i s e  and m a in ta in ed  r i s e  In  th e  p l a t e l e t  c o u n t.
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ROLE OF CORTISONE AND A .C .T .H ,
The c a se s  seen  p ro v id e  con firm atory  e v id e n c e  th a t  
c o r t iso n e  and A .C .T .H . have no a p p r e c ia b le  a c t io n  in  c o r ­
r e c t in g  throm b ocytop en ia , b u t th a t  th ey  have an e f f e c t  in  
red u cin g  th e  b le e d in g  tim e and a d e f i n i t e  p la c e  in  th e  man­
agement o f  the acu te  throm bocytopenic in c id e n t .  They sh o u ld  
be u sed  p r io r  t o  sp lenectom y but d is c o n tin u e d  im m ed iate ly  
b e fo r e  th e  o p e r a tio n . C o rtiso n e  can be r e s t a r t e d  i f  
haemorrhage r e c u r s , b u t th e  d e le t e r io u s  e f f e c t  on wound 
h e a lin g  has been  observed  and i f  p o s s ib le  th e  hormones sh o u ld  
not be used  a f t e r  th e  o p e r a tio n .
NEONATAL THROMBOCYTOPENIC PURPURA.
O c c a s io n a lly  an in fa n t  i s  born w ith  throm bocytopen ic  
purpura t o  a mother who has or has had id io p a th ic  throm bo­
cy to p en ic  purpura. T h is  phenomenon p robab ly  r e p r e s e n ts  th e  
b e s t  a v a i la b le  ev id en ce  o f  th e  e x is t e n c e  o f  p l a t e l e t  a n t i ­
b o d ie s  in  id io p a th ic  throm bocytopenic purpura. The in f a n t s  
would appear to  be  throm bocytopenic on accou n t o f  tr a n sm is ­
s io n  o f  an a n t i p la t e l e t  f a c t o r  a c r o s s  th e  p la c e n ta  from th e  
m aternal t o  th e  f o e t a l  c ir c u la t io n .  The throm bocytopenia  
in  th e  in fa n ts  I s  t r a n s ie n t .
In  moat o f  th e  r ep o r ted  c a ses  th e  m other h as had thrombo­
cy to p en ic  purpura (S an ford , L e s l ie  and Crane 1 9 3 6 , D avid son
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1 9 3 7 , W aters 1 9 4 6 , T alm adge and Berm an 1 9 4 7 ,  S t r o e b e l ,  
C am pbell and  H agedorn  1 9 4 9 , E p s t e i n ,  L o z n e r ,  C obbey and  
D a v id so n  1 9 5 0 , L i t c h f i e l d ,  S t e r n b e r g  and Z w e i f l e r  1 9 5 0 ,  
R ob son  and  W alker 1 9 5 1 ) ,  H a r r in g to n  e t  a l  (1 9 5 3 )  h a v e  
i n v e s t i g a t e d  e i g h t  i n f a n t s  w i t h  n e o n a t a l  p u rp u r a  b o r n  t o  
t h r e e  m o th e r s  e a c h  o f  whom h a d  u n d erg o n e  s p le n e c t o m y  f o r  
th r o m b o c y to p e n ic  p u r p u r a .
V ery  o c c a s i o n a l l y  th e  m o th er  h a s  n e v e r  show n e i t h e r  
th r o m b o c y to p e n ia  or  p u rp u ra  and h a s  n e v e r  b e e n  g iv e n  a  
t r a n s f u s i o n .  O c c a s io n a l ly  a  R h esu s  i n c o m p a t i b i l i t y  accom ­
p a n ie s  th e  th r o m b o c y to p e n ia .
T h ree  e x a m p le s  o f  t h i s  c o n d i t io n  h a v e  b e e n  s e e n .  O n ly  
one o f  t h e s e  w as i n v e s t i g a t e d  c o m p le t e ly  b u t  a l l  t h r e e  w ere  
t e s t e d  f o r  th e  p r e s e n c e  o f  p l a t e l e t  a g g l u t i n i n s  w i t h  i n ­
c o n c lu s iv e  r e s u l t s .  I n  tw o o f  th e  p a t i e n t s  t h e r e  w as  
th r o m b o c y to p e n ic  p u rp u ra  w h i l e  i n  t h e  t h i r d  t h e r e  w a s no  
th r o m b o c y to p e n ia  i n  t h e  m o th er  s u g g e s t i n g  a  p l a t e l e t  grou p  
i n c o m p a t i b i l i t y  b e tw e e n  m o th er  and f o e t u s .  One p a t i e n t  i s  
d e s c r ib e d  b e lo w  t h e  o t h e r  tw o i n  t h e  a p p e n d ix .
MRS . A . A . Age 2 1 .
The p a t i e n t  w as a t t e n d in g  an  a n t e n a t a l  c l i n i c  i n  h e r  
f i r s t  p r e g n a n c y . Two m onths b e f o r e  d e l i v e r y  t h e  c l i n i c  
d o c t o r  n o t i c e d  p e t e c h i a l  s p o t s  on th e  p a t i e n t ’ s  arm s a f t e r  
t a k in g  h e r  b lo o d  p r e s s u r e .  She w as d e l i v e r e d  w it h o u t  undue
b le e d in g  b u t  th e  c h i l d  w as o b s e r v e d  t o  h a v e  some b r u i s i n g  o f  
th e  l e g s  and f e e t  3 d a y s  a f t e r  b i r t h .  Sh e w as f i r s t  s e e n  
b y  me one m onth a f t e r  th e  d e l i v e r y  o f  t h e  c h i l d  c o m p la in in g  
o f  p e t e c h ia e  s p o t s  w h ich  h a d  b e e n  p r e s e n t  s i n c e  p a r t u r i t i o n .  
Sh e w as a d m it te d  t o  h o s p i t a l  and t r e a t e d  w i t h  A .C .T .H . an d  
s u b s e q u e n t ly  s p le n e c to m y  w it h  s a t i s f a c t o r y  c l i n i c a l  r e s p o n s e  
b u t  rem a in ed  th r o m b o c y to p e n ic . I n  a  s e c o n d  p r e g n a n c y  s h e  
c o n t in u e d  t o  b e  th r o m b o c y to p e n ic  and  w as d e l i v e r e d  o f  a  
th r o m b o c y to p e n ic  and  p u r p u r ic  i n f a n t .  The c o u n t s  on  th e  
m oth er  and th e  c h i l d  w ere : P l a t e l e t  c o u n t  i n  th o u s a n d s
M other C h i ld
B ay a f t e r  d e l i v e r y  1 0  10
P u erp er iu m  2 16  1 4
4 23  67
7 31  50
1 0  56 45
24  50  1 3 8
Ho p l a t e l e t  a n t i b o d i e s  w ere  d e m o n s tr a b le  i n  th e  m o th e r  o r  
c h i l d .
The p ro b lem  so m etim es  a r i s e s  a s  t o  w h e th e r  s p le n e c to m y  
s h o u ld  b e  c a r r ie d  o u t i n  th e  th r o m b o c y to p e n ic  m o th er  a f t e r  
i n i t i a t i o n  o f  p r e g n a n c y . I n  g e n e r a l  t h i s  d o e s  n o t  seem  t o  
i n f lu e n c e  t h e  in c id e n c e  o f  th r o m b o c y to p e n ia  i n  th e  c h i l d .
I f  c h r o n ic  th r o m b o c y to p e n ic  p u rp u ra  i s  d ia g n o s e d  b e f o r e  th e
f i f t h  m onth i t  i s  a d v i s a b l e  t o  g o  a h e a d  w i t h  s p le n e c t o m y  h u t  
i f  n o t  u n t i l  a f t e r  th e  f i f t h  m onth th e n  i t  i s  p r o b a b ly  a d v i s ­
a b le  t o  p o s tp o n e  i t  u n t i l  tw o m on th s a f t e r  c o m p le t io n  o f  th e  
p r e g n a n c y . A .C .T .H . i s  w e l l  t o l e r a t e d  s h o u ld  t h e r e  b e  any  
b le e d in g  d u r in g  p r e g n a n c y .
THROMBOCYTOPENIA INDUCED BY DRUGS .
I t  i s  now a p p r e c ia t e d  t h a t  d ru g  th r o m b o c y to p e n ia  may b e  
o f  two t y p e s .  The on e  i s  due t o  dam age t o  t h e  m arrow b y  th e  
d ru g and i s  a  c o n se q u e n c e  o f  th e  f a i l u r e  t o  d e l i v e r  p l a t e l e t s  
i n t o  th e  c i r c u l a t i o n .  The w ith d r a w a l o f  t h e  o f f e n d in g  d ru g  
may or  may n o t  b e  f o l l o w e d  b y  s lo w  r e c o v e r y  o f  t h e  th rom b o­
c y t o p e n ia .
G o ld . A r s e n ic  P . A . S . ,  S t r e p t o m y c in .  B u t a z o l i d i n e  and  N i t r o g e n
M u sta r d .
I n  th e  f i r s t  c a te g o r y  o f  d ru g  th r o m b o c y to p e n ia s  e x a m p le s  
h a v e  b e e n  s e e n  a s  f o l l o w s
G o ld  -  i n  th e  tr e a tm e n t  o f  rheum atoid a r t h r i t i s .
A r s e n ic  -  o r g a n ic  a r s e n i c e l s  i n  s y p h i l i s .
P .A .S .  and S t r e p to m y c in  i n  th e  m anagem ent o f  p u lm o n a ry  
t u b e r c u l o s i s .
B u t a z o l id in e  i n  r h e u m a to id  a r t h r i t i s .
T e m p o r a r ily  a f t e r  n i t r o g e n  m u s ta r d .
( s e e  a p p e n d ix  p a g e  S s z  )
The s e c o n d  t y p e  o f  d ru g  th r o m b o c y to p e n ia  i s  e x e m p l i f i e d
b y  sed o rm id  o r  q u in id in e  th r o m b o c y to p e n ia  and  i s  d u e  t o  a n  
e n t i r e l y  d i f f e r e n t  m ech an ism  w h ere  p e r i p h e r a l  d e s t r u c t i o n  
o f  t h e  p l a t e l e t s  i s  th e  e s s e n t i a l  f e a t u r e .  I n  t h i s  t y p e  o f  
p u rp u ra  w ith d r a w a l o f  th e  drug i s  f o l l o w e d  b y  r a p id  r e t u r n  
o f  th e  p l a t e l e t  c o u n t  t o  n o r m a l. T he m o st l i k e l y  e x p l a n a t i o n  
o f  t h e s e  f i n d i n g s  w o u ld  a p p ea r  t o  b e  t h a t  t h e  d ru g  u n i t e s  
w it h  p l a t e l e t s  a n d , a c t in g  a s  a  h a p te n  c o n f e r s  a n t i g e n i c  
p r o p e r t i e s  upon th em . T h r o m b o c y to p en ia  i n  t h i s  t y p e  o f  d r u g  
p u rp u ra  i s  t h e r e f o r e  th o u g h t  t o  b e  th e  r e s u l t  o f  l y s i s  o f  t h e  
p l a t e l e t - d r u g  a n t ig e n  b y  a n t ib o d y  and  c o m p lem en t, th e  a n t i g e n  
b e in g  fo rm ed  w h en ev er  th e  d ru g  i s  t a k e n .  I n  a d d i t i o n  i n  
t h i s  g ro u p  o f  d ru g  p u rp u r a s  t h e r e  i s  p r o b a b ly  a n  in d e p e n d e n t  
c a p i l l a r y  l e s i o n .  P l a t e l e t s  and c a p i l l a r i e s  seem  t o  h a v e  
some a n t i g e n i c  s i m i l a r i t y  and i t  w o u ld  seem  r e a s o n a b le  t o  
su p p o se  t h a t  th e  c a p i l l a r y  damage I n  se d o r m id  p u r p u r a  i s  due  
t o  th e  a c t i o n  o f  th e  a n t ib o d y  w h ic h  c a u s e s  p l a t e l e t  l y s i s  t h e  
dru g h a v in g  com b in ed  w i t h  t h e  e n d o t h e l i a l  c e l l s  t o  form  a  
f u r t h e r  s i m i l a r  a n t i g e n .  T h is  c a p i l l a r y  e f f e c t  c a n  b e  dem on­
s t r a t e d  b y  s k in  t e s t i n g  w i t h  t h e  dru g  w hen  a  p u r p u r ic  a r e a  
r e s u l t s  a t  t h e  r e g io n  o f  a p p l i c a t i o n  o f  t h e  t e s t .  I n  t h i s  
grou p  o f  p a t i e n t s  th e  a g g l u t i n a t i o n  o f  t h e  p a t i e n t ! s  p l a t e l e t s  
i n  v i t r o  i n  t h e  p r e s e n c e  o f  th e  d ru g  ca n  b e  d e m o n s tr a te d  i n  
th e  p la sm a  su b s e q u e n t  t o  r e c o v e r y  from  th e  th r o m b o c y to p e n ic  
i n c i d e n t .
T h is  t y p e  o f  p u rp u r a  h a s  b e e n  v e r y  t h o r o u g h ly  I n v e s t i ­
g a t e d  b y  A ck ro y d  (1 9 5 5 )  i n  r e l a t i o n  t o  S ed o rsn id  p u r p u r a .
Q u in in e  *
I n  t h i s  s e c o n d  c a t e g o r y  o n ly  one c a s e  h a s  b e e n  s e e n  -  a  
c a s e  o f  q u in in e  th r o m b o c y to p e n ia . I  made o n ly  p r e l im in a r y  
a s s e s s m e n t s  on t h i s  p a t i e n t  and th e  c a s e  w as s u b s e q u e n t ly  
i n v e s t i g a t e d  i n  much g r e a t e r  d e t a i l  and  r e p o r t e d  on  b y  B o l t o n  
and Y oung ( 1 9 5 3 ) .  ( s e e  a p p e n d ix  p a g e  $ 5 3  )
D e x tr a n .
An i n t e r e s t i n g  p a t i e n t  w as s e e n  who d e v e lo p e d  m arked  
th r o m b o c y to p e n ia  f o l l o w i n g  d e x tr a n  i n f u s i o n .  T h is  w as  
t r a n s i e n t  r e c o v e r in g  i n  48 h o u r s .  The e x a c t  m ech an ism  w as  
n o t  d e te r m in e d  b u t  th e  f o l l o w i n g  w as an a c c o u n t  o f  t h e  c a s e .
H aem orrhage f o l l o w i n g  a d m in i s t r a t io n  o f  d e x t r a n .
A b o y  a g e d  1 0  w i t h  T ype I I  n e p h r i t i s  w as g i v e n  3  p i n t s  
o f  d e x t r a n .  He b e g a n  t o  b l e e d  from  t h e  n o s e  an d  b lo o d  c o l ­
l e c t e d  b y  v e n e p u n c tu r e  f a i l e d  t o  c l o t .  He w as s e e n  b y  me 3 
h o u rs  l a t e r .  S p ec im e n s  c o l l e c t e d  r e v e a l e d  t h a t  h e  w as  
m a rk ed ly  th r o m b o c y to p e n ic  -  6 0 0 0  p e r  c u .  m m ., b l e e d i n g  t im e  
w as 17  m in u te s  and h e  h ad  a  m o d e r a te ly  p o s i t i v e  H e ss  t e s t .  
T h ere  w as a  p la sm a  an d  serum  d e f e c t  o f  t h r o m b o p la s t in  g e n e r a ­
t i o n .  R e a ss e s s m e n t  7 2  h o u r s  l a t e r  sh o w ed  t h a t  a l l  t h e s e  
a b n o r m a l i t ie s  had  b e e n  c o r r e c t e d .
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B le e d in g  t im e  -  1 7 f
H ess  t e s t  -  m i ld  p o s i t i v e .
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P a t ie n t  a d s .  p la s m a . P a t i e n t  seru m . 2 0 9 8 8 8 9
P l a t e l e t  c o u n t  4 4 6 ,0 0 0  p e r  c u .  ana.
B le e d in g  t im e  -  4 1 
H ess  t e s t  -  n e g a t iv e
T h r o m b in - f ib r in o g e n  r e a c t i o n  -  Norm al 1 8 tt
P a t i e n t  1 9 n
I n tr a v e n o u s  i n f u s i o n  o f  d e x t r a n  h a s  b e e n  a c c e p t e d  a s  a  
s a t i s f a c t o r y  p la sm a  vo lu m e e x p a n d e r  a n a  i t  h a s  b e e n  u s e d  m ore  
r e c e n t l y  i n  th e  t r e a tm e n t  o f  n e p h r i t i s  w i t h  o ed em a . I t  i s  
u s e d  a s  6% d e x tr a n  i n  s a l i n e  an d  i s  a v a i l a b l e  c o m m e r c ia l ly .  
The f i r s t  r e p o r t  o f  abn orm al h a em o rrh a g e  a f t e r  t h e  u s e
2 6 , 0 -
o f  t h i s  m a t e r ia l  w as b y  C arbone e t  a l  ( 1 9 5 4 ) .  T h e ir  p a t i e n t  
s u f f e r e d  from  © p is t a x i s  and m e la en a *  Jam es e t  a l  ( 1 9 5 4 )  
r e p o r t e d  e p i s t a x i s  an d  h a e m a tu r ia  and J a e n ic k e  and  W a te r h o u se  
(1 9 5 5 )  a l s o  r e p o r t e d  on ab n orm al h a e m o r r h a g e .
R i c k e t t s  (1 9 5 2 )  sh ow ed  b y  ui n  v i t r o ” e x p e r im e n t s  t h a t  a  
p r e c i p i t a t e  o f  d e x tr a n  a n d  f i b r i n o g e n  w as fo rm ed  u s in g  a b o u t  
1 0  p e r  c e n t  o f  t h e  a v a i l a b l e  f i b r i n o g e n .  When d e x t r a n  i s  
s u lp h a t e d  th e  r e s u l t a n t  d e x tr a n  s u lp h a t e  p o s s e s s e s  a n t i c o a g u l ­
a n t  p r o p e r t i e s  s i m i l a r  t o  h e p a r in  (W a lto n  1 9 5 1 ,  1 9 5 2 ) .  T h e re  
i s  no d e f i n i t e  e v id e n c e  t h a t  th e  abn orm al h a em o rrh a g e  f o l l o w ­
in g  d e x tr a n  i n f u s i o n s  i s  a  m a n i f e s t a t i o n  o f  t h e  s u l p h a t i o n  
o f  t h e  d e x t r a n .
S c o t t  (1 9 5 5 )  in c r im in a t e s  d e x t r a n  a s  r e s p o n s i b l e  f o r  
p r e c i p i t a t i n g  c o a g u la t i o n  f a i l u r e  i n  c e r t a i n  o b s t e t r i c a l  
e m e r g e n c ie s .  He s u g g e s t s  t h a t  i n  t h i 3  c o n d i t i o n  t h e r e  i s  
d i l u t i o n  o f  f i b r i n o g e n  b y  t h e  d e x tr a n  and a  d im in u t io n  o f  th e  
r e m a in in g  c o n c e n t r a t io n  b y  f o r m a t io n  o f  a n  i n s o l u b l e  c o m p le x  
w it h  f i b r i n o g e n .
C arbone e t  a l  (1 9 5 4 )  and  J a e n ic k e  an d  W a te r h o u se  (1 9 5 5 )  
r e p o r t  p r o lo n g a t io n  o f  t h e  b l e e d i n g  t im e  i n  t h o s e  p a t i e n t s  
w it h  a  h a e m o r r h a g ic  t e n d e n c y  f o l l o w i n g  d e x t r a n  i n f u s i o n .  
A d e ls o n  (1 9 5 5 )  fo u n d  t h a t  4 0 $  o f  n orm al hum ans d e v e lo p  p r o ­
lo n g e d  b le e d in g  tim e  a f t e r  t h e  i n f u s i o n  o f  1 0 0 0  m l .  o f  com ­
m e r c ia l  d e x tr a n  and  b e l i e v e d  t h a t  th e  d e x t r a n  e f f e c t  w as on
the p la t e le t s .
THROMBPCYTOPENIA FOLLOWING RADIATION.
One p a t i e n t  h a s  b e e n  s e e n  i n  whom th r o m b o c y to p e n ia  d e ­
v e lo p e d  a f t e r  r a d i a t i o n  g i v e n  t o  t h e  c h e s t  f o r  t h e  t r e a t m e n t  
o f  a s th m a . T h is  w as a  m a r r ie d  woman o f  38  y e a r s  o f  a g e ,  
who d ie d  a s  a  c o n s e q u e n c e .
THROMBOCYTOPENIA FOLLOWING BURNING.
A 1 0  y e a r  o ld  g i r l  d e v e lo p e d  th r o m b o c y to p e n ia  t h r e e  d a y s  
a f t e r  an  e x t e n s i v e  b u rn  o f  t h e  l e g s ,  on e  arm a n d  t r u n k .  T he  
m echanism  o f  p r o d u c t io n  o f  t h i s  a g a in  w as o b s c u r e  b u t  i t  may 
h a v e  a  s i m i l a r  m ech an ism  t o  t h e  h a e m o ly s is  w h ic h  f o l l o w s  
b u r n s ,  -  damage t o  t h e  b lo o d  e le m e n t s  a s  t h e y  p a s s  th r o u g h  
th e  a r e a  o f  b u r n in g .
THROMBOCYTOPENIA XH^PERNIGIOirS ANAEMIA. AND ITS RESPONSE to
Two p a t i e n t s  w e r e  s t u d i e d .  B o th  o f  t h e s e  w e r e  v e r y  
s e v e r e  e a s e s  o f  A d d is o n ia n  P e r n ic io u s  A naem ia  w i t h  r e d  c e l l  
c o u n t s  b e lo w  one m i l l i o n  p e r  c u .  mm. I n  f i g u r e  i s  show n  
t h e  m ean r e s u l t  from  t h e s e  tw o p a t i e n t s .  T he r i s e  i n  t h e  
p l a t e l e t  c o u n t  b e g a n  t h e  d ay  a f t e r  t h e  s t a r t  o f  t h e  r i s e  i n  
th e  r e t i c u l o c y t e s  and  p r o c e e d e d  v e r y  r a p i d l y  t h e r e a f t e r  r i s i n g  
t o  norm al l e v e l s  w i t h i n  t h r e e  d a y s ,  and  b e i n g  a t  t h e s e  l e v e l s  
one w eek  a f t e r  s t a r t i n g  Bl s  t h e r a p y .  T h is  i l l u s t r a t e s  th e
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e norm on 3 p o t e n t i a l  f o r  p r o d u c in g  p l a t e l e t s ,  p o s s e s s e d  b y  th e  
m arrow . The r i s e  i n  p l a t e l e t s  c o n t in u e d  p a s t  t h e  n o rm al 
l e v e l  s o  t h a t  t h e r e  i s  a  te m p o ra r y  t h r o m b o c y t o s i s ;  t h e r e a f t e r  
i t  f a l l s  t o  norm al l e v e l s  ( s e e  F ig u r e  9 6  ) .  T h is  im p r o v e ­
m ent i n  h a e m o s t a t ic  e f f i c i e n c y  ca n  b e  show n on  t h r o m b o p la s t in  
g e n e r a t io n  a s  i n  f i g u r e  95 . P l a t e l e t s  a r e  p r e p a r e d  u n d er  
i d e n t i c a l  c o n d i t io n s  from  th e  same volum e o f  b lo o d  a t  i n t e r ­
v a l s  su b s e q u e n t  t o  th e  a d m in is t r a t io n  o f  v i t a m in  B ^ g . The  
im p roved  t h r o m b o p la s t in  g e n e r a t io n  i n  v i r t u e  o f  th e  r i s e  i n  
t h e  p l a t e l e t  c o u n t i s  i l l u s t r a t e d .
THROMBOCYTOPENIA IN FOLIC ACID DEFICIENT MEGALOBLASTIC 
ANAEMIA -  IN STEAHORftHOEA. ~ ~
-  r e s p o n s e  t o  t h e r a p y .
One p a t i e n t  w as s t u d ie d  who w as s u f f e r i n g  fro m  a  m e g a lo ­
b l a s t i c  a n a em ia , w h io h  r e s p o n d e d  t o  f o l i c  a c i d .  T h e re  w as  
an  accom p an y in g  th r o m b o c y to p e n ia  w h ic h  r e s p o n d e d  i n  th e  sam e  
way t o  f o l i c  a c i d  a s  d id  t h e  p l a t e l e t  d e f i c i e n c y  t o  v i t a m in  
B12  i n  p e r n i c i o u s  an a em ia  ( s e e  F i g .  9 6  ) .  The d e t a i l s  o f  
t h i s  p a t i e n t  a r e  g iv e n  i n  th e  a p p e n d ix  p a g e
flHYPERSPLENICft THROMBOCYTOPENIA.
T h is  i s  a  v a r i e t y  o f  th r o m b o c y to p e n ia  o f t e n  a c co m p a n ie d  
b y  anaem ia  and  l e u c o p e n ia  o c c u r r in g  a s  a  c o m p l i c a t io n  o f  
s p le n o m e g a ly  i n  th e  s o  c a l l e d  h y p e r  s p l e n i c  sy n d r o m e . The  
p a t i e n t  d e s c r ib e d  i n  t h e  a p p e n d ix  p a g e  h a d  t h e s e  f e a t u r e s
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a s a c o m p lic a tio n  o f  c ir r h o s is  o f  th e  l i v e r  w ith  c o n g e s t iv e  
sp len o m eg a ly . T h is p a t ie n t  had leu co p en ia  and anaemia in  
a d d it io n  t o  the throm bocytopenia* Splenectom y was c a r r ie d  
out b u t th e  p a t ie n t  d ied  e le v en  days a f t e r  the o p e r a tio n .
THROMBOCYTOPENIA IN LIVER DISEASE*
Some p a t ie n ts  w ith  parenchymatous l i v e r  d is e a s e  have 
been  found to  have throm bocytopenia* T h is i s  d is c u s se d  in  
more d e t a i l  in  the s e c t io n  on l i v e r  d is e a s e .
THROMBOCYTOPENIA AS THE PRESENTING FEATURE IN LEUKAEMIA.
A m ale p a t ie n t  (W. McM.) aged 37 y ea rs was se e n  on a c ­
count o f  troublesom e haemorrhage a f t e r  to o th  e x tr a c t io n  w hich  
was fo llo w e d  some weeks la t e r  by recu rren t e p i s t a x i s .  There 
was no p r e v io u s  h is to r y  o f  any haemorrhagic ten d en cy . He 
was found t o  be m arkedly throm bocytopenic and was tr e a te d  
w ith  c o r t i s o n e .  T h is reduced the b le e d in g  time so  lo n g  a s  
i t  was b e in g  a d m in is ter ed , but had no e f f e c t  on the p l a t e l e t  
c o u n t. P e r ip h e r a l b lo o d  f i lm  and s te r n a l marrow b io p sy  
showed no a b n orm ality . A fte r  s e v e r a l e p iso d es  o f  b le e d in g  
a sp len ectom y was perform ed, but w ith ou t ap p rec iab le  change 
in  th e  p l a t e l e t  c o u n t. He con tin u ed  in  in d if f e r e n t  h e a lth  
w ith  r e c u r r e n t  e p i s t a x i s  and p r o g r e ss iv e  anaem ia. S te rn a l  
marrow b io p s y  -  two y ea rs  a f t e r  the f i r s t  in c id e n t o f  
haemorrhage -  r e v e a le d  th e  fe a tu r e s  o f  an acu te  leukaem ia.
Throm bocytopenia in  leukaem ia i s  o f  cou rse  a w e l l  known 
and fr e q u e n t ly  observed  phenomenon. T h is p a t ie n t ,d e s c r ib e d  
a b o v e} i s  m entioned because the d is e a s e  p r e se n te d  as thrombo­
c y to p e n ia  w ith o u t any o th er  c r i t e r i a ,  which m ight have su g ­
g e s te d  leu k a em ia . The bone marrow a t  the o n se t  o f  th e  i l l ­
n e s s  was normal .
THROMBOCYTOPENIA IN DIFFUSE LUPUS ERYTHEMATOSUS.
In  tw o p a t ie n t s  w ith  d i f f u s e  L .E .,  who a ls o  had a 
h a e m o ly tic  type o f  anaem ia, th ere  was throm bocytopenia .
S in c e  th e s e  p a t ie n t s  have a p r o p e n s ity  fo r  d ev e lo p in g  a n t i ­
b o d ie s ,  a q u est was made fo r  p l a t e l e t  a g g lu t in in s  or l y s i n s .  
A gain  th e  r e s u l t s  were in c o n c lu s iv e , (se e  appendix page 3 6° )
CYCLICAL THROMBOCYTOPENIA.
Two exam ples o f  t h i s  have been  se e n , one o f  which was 
in v e s t ig a t e d  in  c o n s id er a b le  d e t a i l .  The throm bocytopenic  
e p iso d e s  c o in c id e d  w ith  m en stru ation  and were accompanied by  
p e r io d s  o f  anaem ia and a g r a n u lo c y to s is . The marrow a t  th o se  
tim es showed a p la s ia .  (se e  appendix page 8 7c )
OTHER NON-REGENERATIVE THROMBOCYTOPENIA.
These have been  se en  fr e q u e n t ly  a s  a co m p lica tio n  o f  
a cu te  leukaem ia and l e s s  o f te n  in  marrow f a i lu r e  in  a p la s t ic  
anaem ia ( in c lu d in g  one case  o f  F a n c o n ity p e ) .
■ 2J-zS~
THROMBOCYTOPENIA IN ASSOCIATION WITH TUBERCULOSIS
Thrombocytopenia has been seen in  a s s o c ia t io n  w ith  one 
c a se  o f  primary in f e c t i o n  in  ch ildhood and in  two a d u lt s  
where th e  phenomenon could  not reasonably  be a t t r ib u t e d  to  
chemothe rap eut i  c ag ent s .
QUALITATIVE PLATELET DEFECT
One p a t ie n t  was seen who was b e l ie v e d  t o  have a 
q u a l i t a t i v e  abnorm ality o f  h i s  p l a t e l e t s .  This p a t ie n t  had 
a sp len ectom y f o r  a haem olytic  anaemia. The b lood  f i lm  
subsequent to  splenectom y showed very  la r g e  and m o r p h o lo g ic a l ly  
abnormal p l a t e l e t s .  They were a l s o  presen t in  e x c e s s iv e  
numbers. He was s ta r te d  on tromexan on account o f  a pulmonary 
embolism but s t a r t e d  to  b leed  a t  a l e v e l  on th e  o n e -s ta g e  
t e s t ,  w hich would not norm ally have caused b le e d in g .  When 
equal numbers o f  t h i s  p a t i e n t ’ s p l a t e l e t s  and normal p l a t e l e t s  
were compared in  th e  throm boplastin  g en era t io n  techn iqu e  i t  
was found th a t  th ey  were very d e f e c t iv e  in  t h e i r  a b i l i t y  to  
form th r o m b o p la s t in .  (F igu re  HZ ) .  The p l a t e l e t  su sp en sion s  
were prepared  from equal volumes of bloodlp.nd suspended in  
th e  same volume o f  s a l i n e .  There were tw ice  as many
p l a t e l e t s  in  th e  p a t i e n t ’ s p l a t e l e t  su sp en sion  as  th e  normal 
but th e  a b i l i t y  t o  form blood th rom b op lastin , d e s p i te  t h i s ,  
was l e s s  from th e  p a t i e n t ' s  p l a t e l e t s .  In a subsequent 
o b s e r v a t io n , th e  two su sp en sion s were of equal p o te n c y b u t  th e
p a t i e n t ’s p l a t e l e t s  were te n  tim es more numerous than th e  
c o n t r o l .
S O I  A R Y
S in c e  my in v e s t ig a t io n s  o f  throm bocytopenia have con­
tr ib u te d  l i t t l e  w hich i s  new in  a p o s i t iv e  s e n s e , t h i s  su b je c t  
has b een  d e a l t  w it h ^ r e la t iv e ly  b r i e f l y .
(1 ) A ttem pts to  dem onstrate p l a t e l e t  a n t ib o d ie s  in  id io p a th ic
throm bocytopenic purpura have been u n s a t is fa c to r y .
(2 )  P a t ie n t s  w ith  n eo n a ta l throm bocytopenia are d e sc r ib e d .
(3 ) N o n -reg en era tiv e  drug throm bocytopenias due to  G old,
A r s e n ic , P .A .S . w ith  S trep tom ycin , B u ta z o lid in e , and 
N itro g e n  M ustard are d e sc r ib e d .
(4 ) One p a t ie n t  w ith  f,p la te le t -d r u g -a n t ib o d y w throm bocyto­
p e n ia  due to  Quinine i s  d e sc r ib ed . The mechanism i s  
th e  same as th a t  d escr ib ed  by Ackrovd in  r e la t io n  t o  
S e d o m id  throm bocytopenia.
(5 ) Temporary throm bocytopenia fo llo w in g  dextran  in fu s io n
i s  d e sc r ib e d . T h is was accompanied, by un exp la in ed  
plasm a and serum d e fe c t s  on th rom b op lastin  g e n e r a tio n .
(6 )  F a ta l  throm bocytopenia  fo llo w in g  rad io th erap y  to  the
c h e s t  fo r  a sth m a ^ s r ep o r ted .
(7 ) Temporary throm bocytopenia a f t e r  severe  burn in j u r ie s
has been  ob served .
(8 ) The resp on se  o f  the p l a t e l e t  count to  B-^ g therapy in
p e r n ic io u s  anaem ia, was s tu d ie d . The r a p id ity  and 
e x te n t  o f  the r i s e  in  th e  p l a t e l e t  count once s ta r te d  
i s  o f  i n t e r e s t .  The count r o se  from 40 ,0 0 0  to  
5 0 0 ,0 0 0 /c u . mm. in  s i x  d ays. The resp on se  In th e  
p l a t e l e t  count s ta r te d  about th e  same tim e as th e  
r e t i c u lo c y t e  count s t a r t e d  to  r i s e .
(9 )  A s im ila r  resp onse was observed to  f o l i c  a c id  in  a 
f o l i c  a c id  d e f ic ie n t  m eg a lo b la s tic  anaem ia.
(10 ) Throm bocytopenia i s  d escr ib ed  as p a r t o f th e  ,fhyper~
s p le n ic ” syndrome, as a co m p lica tio n  o f  l i v e r  d is e a s e  
and accompanying the h aem oly tic  anaemia in  d i f f u s e  
lu p u s erythema? o s d s .
(11 ) I n v e s t ig a t io n s  o f  c a se s  o f  c y c l i c a l  throm bocytopenia
r e v e a le d  th a t  In  a t l e a s t  one o f  th e s e  th ere  was a 
corresp ond ing  c y c l ic a l  marrow a p la s ia .
(12 ) One p a t ie n t  who p resen ted  w ith  fe a tu r e s  a c ce p ta b le  as
ch ron ic  throm bocytopenic purpura, two y e a rs  l a t e r  d e ­
v e lo p ed  acu te  leukaem ia.
(13 ) One p a t ie n t  I s  d escr ib ed  who had a fu n c t io n a l p l a t e l e t  
d e f ic ie n c y  on throm b op lastin  g e n e r a tio n .
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CHAPTER 11  
VASCULAR DEFECTS
P h y s io lo g ic a l  h a em o sta s is  i s  dependent on normal v a s c u la r  
fu n c t io n  and an e f f i c i e n t  c o a g u la t io n  m echanism . The r e l a t ­
iv e  im portance o f  each  o f  th e se  in  th e  normal c o n tr o l  o f  
haemorrhage from in ju r y  i s  d i f f i c u l t  to  e s t im a t e .  The p r e s ­
en t account d e a ls  w ith  th o s e  d is e a s e s  where th e r e  i s  e v id e n c e  
o f  f a i lu r e  in  th e  v a sc u la r  w a ll  r a th e r  th a n  in  th e  c o a g u la ­
t io n  mechanism i t s e l f .  As in v e s t ig a t io n  o f  th e s e  d is o r d e r s  
has added l i t t l e ,  w hich i s  hew th e  s u b je c t  i s  d e sc r ib e d  o n ly  
b r i e f l y .
HEREDITARY HAEMORRHAGIC TELANGIECTASIA.
T h is  i s  a v a sc u la r  ab n orm ality  c h a r a c te r is e d  b y  th e  
p resen ce  o f  v i s i b l e  d i l a t a t io n s  o f  c a p i l l a r i e s  and a r t e r i o l e s  
produ cin g  c h a r a c t e r i s t i c  t e l a n g i e c t a t i c  a r e a s ;  th e r e  i s  
g r o ss  d i l a t a t io n  o f  the c a p i l l a r i e s  in  some p a r ts  w hereas 
oth er  p a r ts  are a p p a ren tly  norm al. The abnormal a rea s  are  
m ost commonly found on the to n g u e , nose  and f a c e .  L e ss  com­
mon s i t e s  o f  l o c a l i s a t i o n  are th e  f in g e r  t i p s ,  t o e s ,  e a r s ,  
trunk and c o n ju n ctiv a e  • At au top sy  on one p a t ie n t  e x te n s iv e  
t e l e a n g i e c t a t i c  a r ea s  were se e n  in  th e  la r g e  b o w e l.
The c o n d it io n  i s  tr a n sm itte d  a s a s im p le  dom inant by b o th  
s e x e s . An example o f  a fa m ily  t r e e  o f  one o f  th e  f a m i l i e s
seen  i s  shown i n  f i g u r e  97 .
The t e l a n g i e c t a t i c  a r e a s  are found a s  b r ig h t  "red p o i n t "  
l e s i o n s  or som etim es a s  " sp id e r  type" l e s i o n s .  E p i s t a x i s  
i s  the  most common form o f  b le e d in g ,  f o l lo w e d  by h a e m o p ty s is ,  
m elaena and h a em a tu r ia . S evere  hypochrom ic anaem ia o f t e n  
accom panies the c o n d i t io n  ( s e e  ap p en d ix  page 8 7 6 ) .  The c o n ­
d i t i o n  g e n e r a l ly  becomes more tro u b lesom e a s  the p a t i e n t  
grows o ld e r .  T his may be due to  th e  d e c r e a s in g  e l a s t i c i t y  
and c o n t r a c t i l i t y  o f  the  b lo od  v e s s e l  w a l l .
Most c a s e s  p r e s e n t  sk in  l e s i o n s  and when th e s e  are  
sought the  d i a g n o s i s  i s  n o t  d i f f i c u l t .  O c c a s i o n a l l y , how ever  
the sk in  l e s i o n s  a re  m inim al or a b s e n t  and under t h e s e  c ircum  
s t a n c e s  the d ia g n o s i s  i s  more d i f f i c u l t .
I n v e s t i g a t i o n  o f  th e  c o a g u la t io n  mechanism i n  t h e s e  
p a t i e n t s  f a i l e d  to  r e v e a l  any a b n o r m a lity .
Treatm ent i s  by p r o t e c t i o n  o f  th e  t e l a n g i e c t a t i c  a r e a s  
from in j u r y  and d i r e c t  p r e s s u r e  can be a p p l ie d  where p o s s i b l e  
to  the  a r e a s  o f  haem orrhage. E l e c t r o c o a g u l a t i o n  and r a d iu m  
can be used  l o c a l l y  f o r  example in  the  n o s e ,  but r e p e a te d  
a p p l i c a t i o n  o f  th e s e  m ethods i s  l i a b l e  to  r e s u l t  i n  p e r f o r a ­
t i o n  o f  the  septum. In  the c a s e s  r e p o r te d  h ere  I have n o t  
seen  s e r io u s  b le e d in g  from the  g a s t r o - i n t e s t i n a l  or r e n a l  
t r a c t s  but such has been r e p o r t e d .  O c c a s io n a l ly  s u r g e r y  may 
be r e q u i r e d . N ephrec tom y  and r e s e c t i o n  o f  t h e  bowel have
Figure (97)
F ig u re  ( 97 )
Fam ily t r e e  i n  h e r e d ita r y  t e l a n g i e c t a s i a .  
Q  u n a f f e c t e d  m ale .
H  a f f e c t e d  m ale .
0 u n a f f e c t e d  fe m a le .
# a f f e c t e d  fem a le .
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b een  req u ired  in  some o f  th e  c a se s  r e p o r te d  in  the l i t e r a t u r e .
SPIDER NAEVI IN LIVER DISEASE.
T hese in  appearance are  n o t u n lik e  th e  t e l e a n g i e c t a t i e  
areas in  h e r e d ita r y  t e l e a n g ie c t a s ia  though  th e  c e n tr a l  a rea  
in  th e  h e p a t ic  t e l a n g ie c t a s i s  i s  n o t  so  prom inent a s  in  th o se  
in  th e  h e r e d ita r y  c o n d it io n . The d i s t r ib u t io n  i s  a l s o  d i f ­
f e r e n t  as th e  t e l a n g i e c t a s i s  in  l i v e r  d is e a s e  d oes n o t o c c u r ,  
so  fa r  a s I  have s e e n , on th e  tongue or l i p s  or f in g e r s  or  
in s id e  th e  n o s e . The sp id e r  n a e v i o f  h e p a t ic  d is e a s e  are  
s a id  alw ays to  occur on th e  upper p a r t o f  th e  tru n k , fa c e  and 
arm s. T h is  i s  n o t so^ a s I  have se e n  p a t ie n t s  w ith  h e p a t ic  
d is e a s e  who have th e s e  l e s io n s  over o th er  p a r ts  o f  th e  bod y. 
They do n o t p r e se n t  a problem  o f  h a e m o sta tic  c o n t r o l .  Ab­
normal b le e d in g  may o f  cou rse  occur in  l i v e r  d is e a s e  b u t th e  
t e l a n g ie c t a t i c  areas are  not th e  s i t e s  o f  haem orrhage.
DIFFUSE VASCULAR DEFECTS.
(von W illeb ran d *s d is e a s e ;  V a scu la r  p se u d o h a em o p h ilia ) . 
T h is i s  a haem orrhagic d i a t h e s i s ,  where a g r o s s ly  p r o lo n g e d  
b le e d in g  tim e i s  th e  e s s e n t i a l  dem onstrab le  a b n o rm a lity . The 
term Kd if f u s e  v a sc u la r  d e f e c t 11 I s  p r e fe r r e d  b eca u se  von  
W ille b r a n d rs d is e a s e  p rob ab ly  in c lu d e s  many d i f f e r e n t  e n t i t i e s  
and pseu doh aem op hilia  has been a p p lie d  t o  a lm o st e v er y  b le e d in g  
d is e a s e  o f  u n d efin ed  a e t io lo g y .
Two c a se s  o f  t h i s  c o n d it io n  have been seen  and th e  
d e t a i l s  o f  th e s e  are g iv e n  in  th e  appendix .
C a p il la r y  M icroscopy
The fundamental abnorm ality  in  v a s c u la r  pseudohaem ophilia  
i s  not c l e a r l y  un derstood  -  M acfarlane 11941) a t t r i b u t e d  th e  
abnormal b le e d in g  in  t h i s  d is o r d e r  to  a c a p i l l a r y  d e f e c t ,  
a f t e r  dem onstrating  by d i r e c t  v i s u a l i z a t i o n  t h a t  th e  n a i l  
bed c a p i l l a r i e s  in  p a t i e n t s  w ith  pseudohaem ophilia  appeared  
b iz a r r e  and d i s t o r t e d  and f a i l e d  t o  c o n s t r i c t  n orm ally  a f t e r  
p u ncture. These f in d in g s  have not been confirm ed in  a l l
c a se s  lBuchanan and L e a v e l l  1 9 5 6 ; .  The c a p i l l a r i e s  o f  th e
two c a se s  seen by me showed d i s t o r t i o n ,  th e  t i p s  o f  many o f  
th e  lo o p s  b e in g  bu lbous and c o i l e d .  Normally th e  a r t e r i a l
limb of th e  loop  has a c a l i b r e  much narrower than th e  venous  
lim b o f  t h e  lo o p .  In t h i s  d i s e a s e  th e  r e l a t io n s h ip  between
th e  a r t e r i a l  and venous s id e s  o f  th e  loop  i s  o f t e n  l o s t ,  th e  
a f f e r e n t  lim b being th e  same c a l i b i e  as t h e  e f f e r e n t .  Whether 
t h i s  r e p r e se n ts  th e  fundamental ab n orm ality  i s  not known.
C oagu lation  Mechanism
Buchanan and L e a v e l l  (1956) in  a rev iew  o f  th e  l i t e r a t u r e  
and an account o f  t h e i r  own c a s e s ,  recorded th a t  12 p a t i e n t s  
had d e f e c t i v e  prothrombin consumption and in  o th e r  12 i t  was 
norm al. The n a tu re  o f  th e  c o a g u la t io n  ab n orm ality  in  t h e s e
p a t ie n t s  has n o t b een  e s t a b l i s h e d  by th e  more modern te c h n iq u e s  
Bernard and o th e r s  (1953) o f f e r e d  e v id en ce  th a t  th e  d e f e c t iv e  
prothrom bin consum ption in  p seu d oh aem op h ilia  r e p r e se n te d  a 
p l a t e l e t  d e f e c t ,  s in c e  th ey  were a b le  to  c o r r e c t  th e  p r o ­
throm bin consum ption d e f ic ie n c y  in  plasm a o f  one o f  th e s e  
p a t ie n t s  by th e  a d d it io n  o f  i s o l a t e d  normal p l a t e l e t s *  They 
were n ot a b le  t o  c o r r e c t  the d e f e c t iv e  prothrom bin consump­
t io n  in  d e p la te ie t i& e d  normal plasm a by a d d it io n  o f  th e  p l a t e ­
l e t s  or plasm a from a p a t ie n t  w ith  p seu d oh aem op h ilia , a lth o u g h  
t h i s  was c o r r e c te d  by the a d d it io n  o f  normal p l a t e l e t s .  In  
ch ap ter  A5" p a t ie n t s  are d e sc r ib e d  who have a p ro lo n g ed  b le e d ­
in g  tim e in  a s s o c ia t io n  w ith  A.H.G. d e f i c i e n c y .  I t  i s  
p o s s ib le  t h a t  some o f  the r ep o r te d  c a se s  o f  p seu d oh aem op h ilia  
w ith  d e f e c t iv e  prothrom bin consum ption may be s im i la r .
N e ith e r  o f  th e  two c a se s  se e n  by me showed any d e f i c i e n c y  
o f  prothrom bin consum ption . There was no d em onstrab le  ab­
n o rm a lity  in  th e  c o a g u la t io n  sy stem . I f  a n y th in g  th e  p a t i e n t s  
th ro m b o p la stin  mechanism was even  more e f f i c i e n t  th an  th e  
norm al, in  v ir tu e  o f  a s s o c ia t e d  th r o m b o c y to s is .
As an oth er e x p la n a t io n  o f  th e  abnormal b le e d in g  in  t h i s  
d is e a s e  a q u a l i t a t iv e  p l a t e l e t  d e f e c t  h a s b een  p o s t u la t e d .
Upon a g g lu t in a t io n  and l y s i s  th e  p l a t e l e t s  are  th ou gh t t o  
r e le a s e  a v a s o c o n s tr ic to r  su b s ta n c e . T h is  l a t t e r  p l a t e l e t  
fu n c t io n  m ight r e c o n c i le  the op p osin g  id e a s  o f  a v a s c u la r
v ersu s a p l a t e l e t  d e fe c t  in  p seu d o h a em o p h ilia . B igelow  
(1 9 5 4 ) , how ever, has r ep o r ted  normal s e r o to n in  a c t i v i t y  in  th e  
plasm a o f  two p a t ie n t s  b e l ie v e d  t o  have p seu d o h a em o p h ilia .
The s t u d ie s  on t h i s  c o n d it io n  are th erefor©  somewhat 
c o n f l i c t in g  and su g g e s t  th a t  n o t a l l  p a t ie n t s  w ith  p seu d o ­
h aem op h ilia  have th e  same d e f e c t  in  h a e m o sta s is . W hether 
th e  p a t ie n t s  In  t h i s  group r e p r e se n t  a d is e a s e  w ith  a common 
a e t io lo g y ,  or a syndrome w ith  a common d e f e c t  in  h a e m o sta s is  
or an even  more h e tero g en eo u s group, rem ains t o  be d e term in ed .
In  th e  p a t ie n t s  record ed  the h e r e d ita r y  p a t te r n  o f  th e  
c o n d it io n  i3  d i f f i c u l t  t o  e s t a b l i s h .  There i s  some e v id en ce  
th a t  th e  in h e r ita n c e  i s  as a dominant s e x - l in k e d  c h a r a c te r  
s in c e  c h ild r e n  o f  e i t h e r  sex  from an a f f e c t e d  p a ren t may show 
th e  a b n o rm a lity . In  th e  c a se s  d e sc r ib e d  h e r e , one had a 
n e g a t iv e  fa m ily  h i s t o r y ,  w h ile  in  th e  o th er  i t  was i n d e f in ­
i t e  -  p o s s ib ly  a m atern a l u n c le  had the c o n d it io n .
B oth  th e  p a t ie n t s  s u f fe r e d  from e p i s t a x i s  and from l e s s  
freq u en t in c id e n ts  o f  g a s t r o - in t e s t in a l  b le e d in g . One o f  
them e x p e r ien ce d  troublesom e b le e d in g  from the gums. The 
p a t ie n t s  have a ten d en cy  t o  b r u is e ,  b u t  th e y  do n ot d ev e lo p  
th e  m a ssiv e  haematomata se e n  in  th e  h aem op h ilia  p a t i e n t .
D en ta l e x tr a c t io n  or o th e r  m inor o p e r a tiv e  p roced u res may 
r e s u l t  in  s e r io u s  b le e d in g  b u t a g a in  t h i s  i s  n o t so  trou b lesom e  
a s In  th e  p a t ie n t  w ith  a c o a g u la t io n  d e f e c t .
F ig u re  (98 )
(98)
E f f e c t  o1 c o r t i s o n e  on the b le e d in g  tim e in  
d i f f u s e  c a p i l l a r y  d e f e c t .
O rdinate -  b le e d in g  tim e in  m in u te s .  
A b s c is s a  -  tim e i n  d a y s .
The p e r io d  o f  a d m in is t r a t io n  o f  c o r t i s o n e  
i s  in d ic a t e d .
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T reatm ent: The management o f  haemorrhage in  th e se
p a t ie n t s  sh ou ld  c o n s is t  in  th e  f i r s t  p la c e  o f  the a p p l ic a t io n  
o f  l o c a l  p r e ssu r e  where t h i s  i s  p o s s ib l e .  In  th e  appendix  
(page 877 ) and f ig u r e  78 i s  shown the e f f e c t  o f  C o rtiso n e  
on th e  b le e d in g  tim e in  one p a t ie n t .  I t  would appear on 
t h i s  s in g le  o b se r v a tio n  to  have had c o n s id e r a b le  e f f e c t  on 
the b le e d in g  tim e and would be w orthy o f  t r i a l  in  p ro lon ged  
b le e d in g  in  t h i s  c o n d it io n , or t o  cover an o p e r a tiv e  procedure  
such a s  to o th  e x tr a c t io n .
MIBELLI fS SYNDROME (DIFFUSE ANG-10 KERATOMA) .
T h is  i s  a v ery  rare  v a sc u la r  anomaly and th e  two p a t ie n t s  
d e sc r ib e d  h ere  have b een  r ep o r ted  by  Brown and M ilne 1952 .
The p a t ie n t s  were h a l f  b r o th e rs  born o f  the same m other b u t  
havin g  d i f f e r e n t  f a t h e r s .  The c o n d it io n  i s  a c o n g e n ita l  
v a sc u la r  l e s i o n  w hich has th e  appearance o f  a p u rp u r a -lik e  
s k in  ra sh  o f  a f ix e d  ty p e . The l e s io n s  however are not 
p u rp u ric  b u t can be em ptied by firm  m ain ta in ed  p r e ssu re  w ith  
a g la s s  s l i d e .
Case ( l ) .  Age 3 0 . The red  rash  had been observed  
from th e  age o f  7 y ea rs a t  which tim e i t  had appeared w ith  
e x tr a o rd in a r y  r a p id it y  and had g r a d u a lly  become more obvious  
and e x te n s iv e  during the n ex t 23 y e a r s .  The ra sh  had s ta r te d  
on th e  low er abdomen and in g u in a l r e g io n s  e x ten d in g  on to  the 
upper p a r ts  o f  the t h ig h s ,  l a t e r  sp read in g  t o  in v o lv e  more
o f th e  th ig h s  and most o f  th e  tru n k . In ju ry  to  some o f  the  
sp o ts  during ch ild h o o d  had r e s u l t e d  In  troublesom e haemorrhage 
b u t th e r e  had not been a  s e r io u s  tendency to  abnormal b le e d ­
in g .  A fe a tu r e  o f  the p a t ie n t* s  c o n d it io n  had been  a burn­
in g  p a r a e s th e s ia  in  th e  f in g e r s  and t o e s .  There had been  
a r e c e n t  c e r e b r a l in c id e n t  w ith  v e r t ig o ,  v om itin g  and numbness 
on the l e f t  s id e  o f  the b od y^ sh ortly  b e fo r e  the p a t ie n t  was 
f i r s t  s e e n .
On exam in ation  he was a m en ta lly  d e f e c t iv e  man o f  very  
poor p h y s ic a l  developm ent. In  a d d it io n  t o  th e  s k in  m a n ife s ta  
t io n s  th e r e  was a p a lp a b le  s p le e n , and a hypochrom ic, ir o n  
d e f ic ie n c y  ty p e  o f anaem ia. The n e u r o lo g ic a l l e s i o n  was in  
th e  pons in v o lv in g  th e  se n so ry  n u cleu s o f  V and a d ja c en t a r e a . 
The s k in  l e s i o n  was th e  most s t r ik in g  fe a tu r e  o f  t h i s  c a s e .
On th e  sk in  o f  the proxim al p a r t o f  the t h ig h s ,  on the  
b u t to c k s , on the p e n is  and scrotum  and on th e  u ln ar  a sp e c ts  
o f  th e  forearm s, th e r e  were numerous sm a ll r ed  or b lu is h  red  
s p o t s .  These were m ost numerous and prom inent on th e  low er  
p a r t  o f  th e  trunk and over th e  c o s ta l  m argin . They were 
a ls o  p a r t ic u la r ly  numerous over c e r ta in  prom inences such  a s  
th e  v e r te b r a l  column in  the lumbar r e g io n  and th e  i l i a c  c r e s t s  
There were a few sm a ll sp o ts  on the in n er  a sp e c t  o f  th e  l i p s .  
C a p illa r y  m icroscopy o f  th e  s k in  r e v e a le d  th a t  each  sp ot was 
a sm a ll sa c  d is te n d e d  w ith  b lo o d . Puncture o f  a b lood  sac
r e s u l t e d  in  im m ediate e x tr a v a s a t io n  o f  th e  co n ta in ed  b lo o d  
and c o lla p s e  o f  th e  v e s i c l e .  There was no observed  ten d en cy  
t o  c o n t in u a tio n  o f  b le e d in g  from th e  p u n ctu re . T h is  s u g g e s ts  
th a t  the comm unicating v e s s e l s  must be m inute and th a t  the  
c ir c u la t io n  through th e  v e s i c l e  must be s lo w .
Case 2 (Aged 29 y e a r s ) .  T h is  was a younger h a l f  b r o th e r
o f  Case 1 by th e  same m other. He had b een  known to  have a
s k in  ra sh  from th e  age o f  13 y ea rs  -  t h i s  l ik e  h is  b r o th e r
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h avin g  appeared r a p id ly  over a few d a y s. He a ls o  b egan  t o  
have p a r a e s th e s ia e  o f  th e  hands and f e e t  a t  th e  same tim e .
The s k in  l e s i o n  was s im ila r  in  d i s t r ib u t io n  to  th a t  in  h is  
b r o th e r  b u t the l e s io n s  were not n e a r ly  so  numerous.
T h is  c o n d it io n  d i f f e r s  from the b e t t e r  known h e r e d ita r y  
haem orrhagic t e la n g ie c t a s ia .  The c h a r a c ter  o f  th e  l e s io n s  
i s  r a th e r  d i f f e r e n t .  In  h e r e d ita r y  t e l a n g ie c t a s i s  the  
l e s io n s  are more s t e l l a t e  and the d i s t r ib u t io n  i s  d i f f e r e n t  
o ccu rr in g  on f a c e ,  l i p s  and e a r s ,  hands and f e e t  and on th e  
mucosae o f  th e  nose and mouth. The d i s t r ib u t io n  in  d i f f u s e  
angiokeratom a i s  th e  trunk and proxim al p a r ts  o f  the lim b s .
In  m ost o f  th e  r ep o rted  c a se s  o f  angiokeratom a the l e s io n s  
have appeared in  ch ild h ood  w hereas in  h e r e d ita r y  t e l e a n g ie c t a s i s  
th e  v a sc u la r  a rea s  do not appear u n t i l  l a t e r  y e a r s .
C o a g u la tio n  m echanism :- Thi3 was a s s e s s e d  in  f u l l  d e t a i l  
on ly  In  Case 1 during a subsequent ad m issio n  t o  h o s p i t a l  fo r
a fu r th e r  c e r e b r a l in c id e n t  fou r  y ea rs  a f t e r  th e  f i r s t .
T h is  in c id e n t  was c l i n i c a l l y  v ery  s im ila r  t o  th e  f i r s t  a t ta c k  
and presum ably r e p r e se n te d  a fu r th e r  v a sc u la r  in c id e n t  from  
th e  same v e s s e l  in  the r e g io n  o f  p o n s . The c o a g u la t io n  
mechanism was norm al. The d e t a i l s  are g iv e n  in  th e  appendix  
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EHLERS-DAHLOS SYNDROME.
T h is i s  a develop m en ta l mesenchymal d y s p la s ia  b e l ie v e d  
t o  be tr a n sm itte d  a s a sim p le  dom inant. The d e fe c t  i s  s a id  
t o  be In  the e l a s t i c  t i s s u e  and th e r e  i s  in  consequence a 
ten d en cy  t o  haemorrhage on accou nt o f  the d e f e c t iv e  e l a s t i c  
lam ina o f  th e  v e s s e l .  Cases have been r ep o r ted  o f  p ro fu se  
b le e d in g  from t r i v i a l  i n j u r i e s ,  to n s il le c to m y  or to o th  e x ­
t r a c t io n .  Large haematomas may fo l lo w  l i g h t  b lo w s, or even  
s t r e t c h in g  th e  sk in  fo r  dem on stration  (R onchise 1 9 4 9 ) . The 
o th e r  m a n ife s ta t io n s  o f  th e  c o n d it io n  are (a )  h y p e r e la s t ic i t y  
o f  th e  s k in  w hich may be r a is e d  in  la r g e  f o l d s ,  (b ) h yp er-  
e x t e n s i b i l i t y  o f  th e  j o in t s  r e a d ily  dem onstrable a t the  
m etacarp al p h a la n g ea l j o i n t s ,  ( c )  the resp o n se  o f  th e  s k in  
to  trauma i s  c h a r a c t e r i s t i c ;  a s l i g h t  bump or g la n c in g  
blow  may r e s u l t  in  a gap in g  wound or sk in  f l a p .  On v en e­
puncture th e  s k in  may s p l i t  when th e  n eed le  i s  in s e r te d  
through th e  s k in .  A sm a ll c u t ,  la c e r a t io n  or i n c i s io n  may
become w ider and deeper as a r e s u l t  o f  th e  s k in  edges p u l l in g  
away. B ecause o f  the d i f f i c u l t i e s  in  p rox im atin g  the edges  
o f  wounds, la c e r a t io n s  are slow  t o  h e a l .  The r e s u l t in g  
s c a r s ,  a prom inent fe a tu r e  o f  the syndrom e, are w r in k led  and 
c r i s s - c r o s s e d  or b u lg in g  and b a llo o n e d  and are lo c a te d  m o stly  
on the bony p rom in ces, su eh  as the fo r e h e a d , k n e e s , elbow s 
and t i b i a l  a r e a s .
Other o c c a s io n a l f e a tu r e s  o f  th e  c o n d it io n  are th e  
sp h ero id  or c y s t - l i k e  subcutaneous tum ours, w ide sp aced  e y e s ,  
w ide b r id g e  o f  th e  n o se , notched  low er  i n c i s o r s ,  m en ta l r e ­
ta r d a t io n  and l ip o m a t o s i s .
Three c a se s  o f  t h i s  c o n d it io n  have been  se en  and th e  
c o a g u la t io n  mechanism in v e s t ig a te d  w ith  n e g a t iv e  r e s u l t s .
The f i r s t  p a t ie n t  was a m en ta lly  re ta rd ed  youth  o f  17 y ea rs  
o f  a g e . He was adm itted  w ith  m assive haematoma form ation  
in  the l e f t  upper th ig h  w ith  ev id en ce  o f  com plete a r t e r ia l  
o b s tr u c t io n  to  th e  l e f t  l e g .  At o p e r a tio n  i t  was found th a t  
t h i s  was due to  a ruptu re o f  th e  l e f t  fem oral a r te r y  and a t  
subsequent autopsy the d e f e c t iv e  e l a s t i c a  o f  th e  a r te r y  was 
dem onstrated  on h i s t o l o g i c a l  s e c t io n .  The second and th ir d  
p a t ie n t s  had many o f  th e  fe a tu r e s  m entioned  above bu t on ly  
in  one o f th e s e  c a se s  was th ere  any ev id en ce  o f  haemorrhage - 
t h i s  fo l lo w in g  to o th  e x tr a c t io n .
The c o a g u la t io n  mechanism in  th e se  p a t ie n t s  was f u l l y
in v e s t ig a t e d  and no ab n orm ality  fo u n d , ( s e e  page 0f  th e  
a p p en d ix ) .
SCURVY.
In  Glasgow, in  th e  R oyal In firm ary  and o th er  h o s p i t a l s  
se r v in g  th e  p oorer  p a r ts  o f  th e  c ity , Scurvy i s  a not uncommon 
d iso r d e r  and an accou nt o f  on ly  a few o f  the c a se s  se e n  I s  
g iv e n  in  th e  ap p en d ix . These p a t ie n t s  come o f t e n  from th e  
model lo d g in g  house d w e lle r s , who have b een  l i v i n g  on a flt e a  
and bread” d ie ta r y  r eg im e . Two c a se s  have been  se e n  amongst 
p a t ie n t s  p la c e d  on a p e p t ic  u lc e r  r e g im e . The haem orrhagic  
a r ea s  are g e n e r a lly  to  be se e n  in  th e  l e g s  -  in  th e  t h ig h s ,  
below  th e  knees in  th e  c a lv e s  and on the dorsum o f  th e  f e e t . 
The c h a r a c t e r i s t i c  p e r i f o l l i c u l a r  haemorrhages are m ost com­
monly to  be found on the th ig h s  and on th e  c a lv e s .  ffC roquet- 
lo o p ” h a ir s  are l e s s  o f te n  s e e n .
The o n ly  p o s i t i v e  fe a tu r e  on a ssessm en t o f  the haemo­
s t a t i c  fu n c t io n  i s  th e  w e l l  known p o s i t iv e  c a p i l la r y  r e s i s t ­
ance t e s t .  Throm bocytopenia i s  som etim es r ep o r ted  to  occur  
bu t I  have n o t observed  t h i s .  The f u l l  d e t a i l s  o f  th e  in ­
v e s t ig a t io n  o f  th e  c o a g u la t io n  mechanism are describ ed , in  th e  
appendix (Page 887 )• The b le e d in g  tendency i s  b e l ie v e d  to  
be due t o  f a i lu r e  o f  s y n th e s is  o f  th e  cement su b stan ce  o f  th e  
c a p i l la r y  w a l l .
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HAEMORRHAGE IN POLYCYTHAEMIA.
This has been seen  on two o c c a s io n s .  I t  i s  p o s s i b l y  
s u r p r i s in g  th a t  p o ly cy th a em ia  sh ou ld  be a s s o c i a t e d  w ith  a 
haem orrhagic ten dency  in  v iew  o f  the throm bocythaem ia, which  
so f r e q u e n t ly  accom panies the c o n d i t i o n .  The two exam ples  
o f  t h i s ,  w hich-have been se en , occurred  a f t e r  t o o t h  e x t r a c ­
t io n ;  the f i r s t  was secondary  p o ly cy th a em ia  in  a p a t i e n t  
w ith  c y a n o t ic  c o n g e n i t a l  h e a r t  d i s e a s e  (a  p a te n t  i n t e r ­
v e n t r i c u l a r  s e p t a l  d e f e c t ) ; the  second was a p a t i e n t  w ith  
p o lycy th aem ia  v e r a .  E u ll  d e t a i l s  o f th e s e  p a t i e n t s  are  
g iv e n  in  the  ex p e r im en ta l  appendix (page 888 ) .  The 
d e t a i l e d  i n v e s t i g a t i o n  o f  th e  c o a g u la t io n  mechanism f a i l e d  
to r e v e a l  any s i g n i f i c a n t  a b n o rm a lity .  E xam ination  o f  the  
c a p i l l a r i e s  by m icroscopy  showed g r o ss  a b n o rm a lity , the  
c a p i l l a r y  lo o p s  in  the  f i n g e r  beds b e in g  m arkedly d is te n d e d  
w ith  b lo o d . I t  seems r e a so n a b le  to  su g g e s t  t h a t  t h i s  
d i s t e n s i o n  o f  the c a p i l l a r y  lo o p s  forms the  b a s i s  o f  the  
h a e m o sta t ic  a b n o rm a lity .  The d i s t e n s i o n  presum ably i s  the  
consequence o f  the g r e a t l y  in c r e a s e d  b lood  volume.
SENILE PURPURA.
T his  i s  a common form o f  v a s c u la r  d e f e c t  in  the e l d e r l y  
and i s  g e n e r a l ly  seen  on the  dorsum o f  the  hand. The a r e a s  
are u s u a l l y  ecc h y m o tic .  I t  i s  s a id  t h a t  the  c o n d i t io n  a r i s e s
t h r o u g h  l o s s  o f  s u b c u t a n e o u s  f a t  i n  a g e i n g  p a t i e n t s .  I n
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a d d it io n  to  th e  dorsum o f  th e  hand, th e  l e g s ,  f e e t  and 
forearm s o f t e n  show th e  ecchym otie  a r e a s . There are  f r e ­
q u en tly  accom panying tr o p h ic  changes in  th e  o v e r ly in g  s k in .  
Three p a t ie n t s  w ith  t h i s  c o n d it io n  were exam ined and th e  o n ly  
dem onstrable change in  th e  h a em o sta tic  mechanism was a 
s l i g h t l y  p o s i t iv e  H ess t e s t .
PURPURA PACTITJA:
T h is c o n s i s t s  o f  s e l f  i n f l i c t e d  p u rp u ric  and b r u is e d  
a r e a s . C arefu l in s p e c t io n  o f  th e  a r e a s  may g iv e  some i n ­
d ic a t io n  o f  th e  s i z e  and shape o f  th e  a g e n t . Som etim es 
s u c t io n  w ith  th e  mouth I s  used  by th e  p a t ie n t  t o  in d u ce pu r­
pura and th e n  the a rea s appear w ith in  rea ch  o f  th e  m outh.
Only one p a t ie n t  w ith  t h i s  has b een  se en  -  th e  b r u is in g  had  
b een  ind uced  on th e  d e l t o id  r e g io n  o f  th e  arms and on th e  
b r e a s t s  and upper abdomen.
BRUISING IN HYPERTENSION.
P a t ie n t s  have been  fr e q u e n t ly  r e fe r r e d  f o r  I n v e s t ig a t io n  
on accou nt o f  b r u is in g ,  where th e  o n ly  ab n orm ality  on p h y s ic a l  
or la b o r a to r y  in v e s t ig a t io n  was th e  p resen ce  o f  h y p e r te n s io n .  
Haematomata and ecchym osis are o f t e n  p r e se n t  In  th e  low er  
l im b s .
PTJRPURA AS A MANIFESTATION OF HAEMOPHILIA.
One haeuyophlliac has b een  seen  who was ad m itted  w ith  p r o ­
fu s e  g e n e r a l is e d  purpura -  t h i s  l a s t e d  2 -3  days and th en  
faded  w ith o u t r e c u r r e n c e . No h a em o sta tic  ab n orm ality  was 
d isc o v e r e d  o th er  th an  the d e f ic ie n c y  o f  A •E.G. The p l a t e l e t  
count was normal and the p l a t e l e t s  form ed th ro m b o p la stin  
n orm ally . T h is has on ly  b een  seen  once by me in  h aem op h ilia  
and must be a m ost unusual phenomenon.
POSSIBLE VASCULAR DEFECT IN LEUKAEMIA.
Two p a t ie n t s  have been  s tu d ie d  w ith  ch ro n ic  m y e lo id  
leukaem ia and m assive spontaneous b r u is in g .  In  one o f t h e s e  
a haematoma in  the forearm  had cau sed  a m edian n erv e  l e s i o n .  
D e ta ile d  a ssessm en t o f  th e  c o a g u la t io n  m echanism  was norm al 
and i t  would seem reason ab le  t o  presume th a t  the l e s i o n s  
were v a sc u la r  due to  i n f i l t r a t i o n  o f  the v e s s e l  w a l l  w ith  
leukaem ic c e l l s .
OTHER CAUSES OF PURPURA OR BRUISING IN PATIENTS INVESTIGATED.
Two p a t ie n t s  have b een  in v e s t ig a t e d  on a c c o u n t o f  purpura  
where th e  d ia g n o s is  was su bacute b a c t e r ia l  e n d o c a r d i t i s .  
E x te n s iv e  p u rp uric  e ru p tio n s  have been  se en  in  c a s e s  o f  men­
in g o c o c c a l se p t ic a e m ia . B r u is in g  has b een  s t u d ie d  in  two 
c a se s  o f  C u sh in g’s d is e a s e  (page ? -0 - a p p en d ix ) but no 
ab n orm ality  dem onstrated  i n  the c o a g u la t io n  m echanism .
ACUTE AND CHRONIC VASCULAR (ANAPHYLACTOID) PURPURA
Acute - Acute a n a p h y la c to id  purpura i s  e s s e n t i a l l y  a 
d i s e a s e  o f  ch ild h ood  and my e x p e r ie n c e  o f  t h e s e  p a t i e n t s  
i s  l im i t e d .  In th e  appendix th e r e  are  d e s c r ib e d  some
examples o f  such c a s e s .  There i s  g e n e r a l ly  a h i s t o r y  o f  
an upper r e s p ir a to r y  i n f e c t i o n  or sore  th r o a t  two o r  th r e e  
weeks b e fo r e  th e  on set  o f t h i s  d i s e a s e .  The purpura
appears suddenly and c o n s i s t s  o f  la r g e  and o f t e n  c o n f lu e n t  
haemorrhagic m acu les . The purpura i s  f r e q u e n t ly  th e
f i r s t  m a n ife s ta t io n  o f  th e  d i s e a s e .
J o in t  Symptoms
This v a r ie s  in  degree  but th e  j o i n t s  may become g r e a t l y  
sw o llen  and l im i t e d  in  th e  range o f  movement.
G a s t r o - l n t e s t i n a l  Symptoms
These are  v a r ia b le ;  in  some o n ly  minor abdominal cramps 
occu r , w h ile  in  o th ers  th e  pain  may be much more s e v e r e  and 
accompanied by b lood  in  th e  s t o o l .
Renal Symptoms
Gross haem aturia i s  sometimes s e e n .  T his g e n e r a l ly  
c le a r s  q u ic k ly  but p r o g r e s s iv e  r en a l  damage may en su e .
( s e e  C a s e ^ 7 f) . Albuminuria and e v e n tu a l  ren a l  f a i l u r e  
f o l lo w .
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Chronic -  The case  d e sc r ib e d  on page 872 o f  th e  ap­
p en d ix  i s  a t y p ic a l  example o f  t h i s  c o n d it io n . The d is e a s e  
i s  found more fr e q u e n t ly  in  a d u lt s  where th e r e  may b e  an  
accompanying ch ro n ic  b a c t e r ia l  i n f e c t i o n .
A ssessm ent o f  th e  h a em o sta tic  mechanism in  th e s e  p a t i e n t s  
f a i l e d  t o  r e v e a l any ab n orm ality  o th er  th a n  a m o d era te ly  
p o s i t iv e  H ess t e s t .  The d e t a i l s  are g iv e n  in  th e  appendix  -  
p ages
S U M M A R Y
(1 ) C e r ta in  v a s c u la r  d e f e c t s  have b een  in v e s t ig a t e d .  The
o n ly  c o n tr ib u t io n  o f  my exp erim en ts on th e s e  p a t i e n t s  
i s  t o  e s t a b l i s h  by th e  r e c e n t ly  d ev e lo p ed  and more 
s e n s i t i v e  m ethods, t h a t  th e r e  I s  no d is tu r b a n c e  o f  th e  
b lo o d  c o a g u la t io n  m echanism .
(2 )  The c o n d it io n s  in v e s t ig a t e d  in c lu d e d  h e r e d ita r y  haem orr-
h a g ic  t e l a n g ie c t a s ia ,  d i f f u s e  g e n e r a l is e d  v a s c u la r  d e ­
f e c t s  (p seu d oh aem op h ilia , von W illb r a n d ’s d i s e a s e ) ,  
d i f f u s e  angiokeratom a, E h le rs-D a n lo s  Syndrome and 'scu rvy .
(3 ) Abnormal haemorrhage was ob served  as an o c c a s io n a l  m ani­
f e s t a t io n  o f  p o ly cy th a em ia . The c o a g u la t io n  mechan­
ism  i s  normal and I t  i s  l i k e l y  th a t  t h i s  a l s o  i s  a 
v a sc u la r  d e f e c t .
(4 )  The b lo o d  c o a g u la t io n  mechanism was a l s o  normal in  s e n i l e
purpura, th e  b r u is in g  o f  h y p e r te n s io n , o f  C ushing  
d is e a s e  and in  a cu te  and ch ro n ic  a n a p h y la c to id  p u rp u ra .
(5 ) M assive spontaneous b r u is in g  in  ch ro n ic  m y elo id  leu k aem ia
was in v e s t ig a t e d  and th e  c o a g u la t io n  found t o  b e  norm al. 
The d e fe c t  i s  l i k e l y  to  be v a s c u la r  due to  damage to  
th e  v e s s e l  w a l l s  from leu kaem ic i n f i l t r a t i o n .
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CHAPTER IZ
DISORDERS DUE TO INTERFERENCE WITH COAGULATION
Apart from d is tu r b a n c e s  o f  th e  c o a g u la t io n  system  
induced  by th e  th e r a p e u tic  a c t io n  o f  a n tic o a g u la n t  d ru g s , 
th e  occu rren ce  o f  se v er e  c lo t t i n g  a b n o r m a lit ie s  in  th e  
everyday c l i n i c a l  p r a c t ic e  o f  m ed icin e  i s  uncommon.
C erta in  o f th e se  d is o r d e r s , h ow ever,are  more common than  
th e  o th e r s  which are  r a r i t i e s .  Amongst th e  more 
common are  th e  "prothrom bin- f a c t o r  VII" d e f i c i e n c i e s  
such as in  th e  newborn in fa n t  and a v ita m in o s is -K . Of 
th e  c o n s t i t u t io n a l  d iso r d e r s  o f  b lo o d  c lo t t i n g  h aem op h ilia  
i s  th e  most common w ith  C hristm as d is e a s e  n ex t in  o rd er  
o f  in c id e n c e . These w i l l  be d e a lt  w ith  in  
C hapters 73 , * 5  . The o th e r  r a r e r  c o n d it io n s
w i l l  be d e sc r ib e d  in  t h i s  c h a p te r . The o rd er  o f
d e s c r ip t io n  w i l l  fo l lo w  t h a t  s e t  out in  th e  C l a s s i f i c a t io n  
o f Haemorrhagic D iso rd ers d e sc r ib e d  in  Chapter <7 and 
T able '7 .
PROTHROMBIN: The d u al d e f ic ie n c y  o f prothrom bin and
f a c t o r  VII such as i s  found in  coumarin drug th e r a p y ,  
s a l i c y l a t e  th era p y , newborn in fa n ts  and v ita m in  K d e f ic ie n c y  
are  d e sc r ib e d  in  C h ap ter7 v . These are  r e l a t i v e l y  common 
w hereas i s o l a t e d  d e f ic ie n c y  o f  prothrom bin i t s e l f  i s  v ery  
r a r e , th e  ca se  to  be d e sc r ib e d  b e in g  th e  o n ly  one a s y e t  
d e sc r ib ed  in  th e  l i t e r a t u r e .
CASE REPORT. G.W. w as a  man a g e d  26 y e a r s .  The 
p a t i e n t  h ad  b e e n  w e l l  u n t i l  1 5  m o n th s b e f o r e  i n v e s t i g a t i o n .
He t h e n  d e v e lo p e d  h a e m a tu r ia , i n v e s t i g a t i o n  o f  t h e  r e n a l  
t r a c t  r e v e a l i n g  n o  c a u s e .  N in e  m on th s l a t e r  l a r g e  s p o n ­
ta n e o u s  b r u i s e s  o f  t h e  r i g h t  c a l f  o c c u r r e d ,  on  b o t h  arm s and  
i n  t h e  n e c k .  T h ere  w as a  h i s t o r y  o f  e p i s t a x i s  a n d  b l e e d i n g  
from  th e  gums and  a l s o  o f  t r a n s i e n t  p a in s  i n  th e  k n e e s .
As a  c h i l d  th e  p a t i e n t  u n d erw en t t o n s i l l e c t o m y ,  and  tw o y e a r s  
b e f o r e  t h e  o n s e t  o f  h i s  p r e s e n t  i l l n e s s  a  t o o t h  w as rem o v ed  
w it h  n o  e x c e s s i v e  b l e e d i n g .  T h ere  w as no h i s t o r y  o f  ab n orm al 
b l e e d i n g  i n  h i s  r e l a t i v e s .  At t h e  t im e  o f  o n s e t  o f  t h e  
b le e d in g  t h e  p a t i e n t  w as w o r k in g  i n  a  b r e w e r y . S o o n  a f t e r ­
w ard s h e w en t t o  a  r u b b e r  f a c t o r y ,  w h ere  h e  w as e m p lo y e d  i n  
c u t t i n g  o u t from  s h e e t s  o f  r u b b e r .
The a b n o r m a lity  i n  t h i s  p a t i e n t  w as a c q u ir e d  i n  a d u l t  
l i f e  and  c o u ld  n o t  e a s i l y  b e  a t t r i b u t e d  t o  h i s  o c c u p a t io n ;  
n o r  d id  he a d m it t o  t a k in g  an y  form  o f  m e d ic in e .
C l i n i c a l  e x a m in a t io n  w as n e g a t i v e .
LABORATORY INVESTIGATIONS -  H a em o g lo b in  w as 1 3 .7  g .  %, 
th e  w h i t e - c e l l  c o u n t  5 ,1 0 0  p e r  c u .  mm. T he b lo o d  f i l m  a p ­
p e a r e d  n o r m a l.
P lasm a  p r o t e i n s  w ere  6 .6 g / l 0 0 m l  (a lb u m en  3 .8 g ;  g l o b u l i n  
2 . 4 g ;  f i b r i n o g e n  3 6 0  m g ) .  The th y m o l t u r b i d i t y  t e s t  w a s
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n e g a t iv e , as a ls o  was th e  c o l l o i d a l  g o ld  t e s t .  The su c r o se  
to le r a n c e  curve was norm al. The b i l i r u b in  l e v e l  was 0 .3  mg.%
The sed im en ta tio n  r a te  was r a is e d .
Pat e x c r e t io n  was norm al, w ith  an In ta k e  o f  f a t  o f  280g . 
p er  day and an e x c r e t io n  o f f a t  o f 7 .2 g .  (2 .6% ). There was
th e r e fo r e  no ev id en ce  o f any m a lab sorp tion  o f  f a t .  The
b le e d in g  tim e ( I v y ’ s te c h n iq u e ) was 5 m inu tes (norm al 2 |--7  
m in u te s ) . A to u r n iq u e t t e s t  was n e g a t iv e .  A p l a t e l e t
count gave 6 4 5 ,0 0 0 -1 ,1 2 1 ,000/cu.m m .
I n v e s t ig a t io n  o f C oagu lation  D efec t ( s e e  pages $77~9fo") 
o f a p p en d ix ). The whole b lood  c l o t t i n g  t im e , d eterm in ed  by
th e  m o d ified  method o f Lee and W hite (1913) was 13^-20 m in u tes  
(norm al 5 -1 0 );  the o n e -s ta g e  prothrom bin t im e  was 1 8 -2 2  
seconds (norm al 14 s e c o n d s ) . The an tith rom b in  m easured
by A strup and D a r lin g ’ s (1942) method was 179 u n i t s  (norm al 
plasma 193 u n i t s ) .  The r e a c tio n  o f  th e  plasm a t o  throm bin
was norm al.
T est f o r  F a c to r  V - The o n e -s ta g e  c lo t t i n g  tim e o f  th e  
p a t i e n t ’ s plasma was not sh orten ed  by th e  a d d it io n  o f  normal 
plasma t r e a te d  w ith  A1(0H )^.
T e sts  f o r  F a c to r  V II . The o n e -s ta g e  c lo t t i n g  tim e  o f  
th e  p a t i e n t ’ s plasma was not sh o rten ed  by th e  a d d it io n  o f  
normal serum, w hich c o n ta in s  an e x c e ss  o f f a c t o r  V II .
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A d d itio n s o f th e  p a t i e n t ' s  plasma sh orten ed  th e  c l o t t i n g  
tim e o f  plasma from a p a t ie n t  under trea tm en t w ith  trom exan  
(which la c k s  f a c t o r  V II) as w e ll  as d id  s im i la r  a d d it io n s  
of normal plasm a. These r e s u l t s  have been d e sc r ib e d  in
Chapter 7  an(  ^ are  g iv en  a l s o  in  th e  appendix page 70Z.
From th e s e  i t  can be con clu ded  th a t  th e  p a t i e n t ' s  
plasma la ck ed  n e ith e r  o f  th e  known a c c e le r a to r s  o f  b lood  
c o a g u la t io n .
T w o-stage Prothrom bin T e s t . The cu rves I l l u s t r a t i n g
throm bin form ation  in  normal and in  th e  p a t i e n t ' s  p lasm a, 
u s in g  th e  tw o -s ta g e  method are  shown in  F igu re  9 9 . From 
th e s e  curves u s in g  th e  p r in c ip le s  d e sc r ib e d  by B iggs and 
D o u g la s ( l9 5 3 ) it  can be c a lc u la te d  th a t  th e  p a t i e n t ' s  plasm a  
c o n ta in s  about 11% of the normal amount o f  prothrom bin .
The E f fe c t  o f V itam in K V itam in K was g iv e n  to  th e  
p a t ie n t  in  th r e e  d i f f e r e n t  w ays, w ith  an in t e r v a l  o f  th r e e  
days between each t r i a l .  100 mg. of a w ater  s o lu b le
a n a lo g u e , ” sy n k a v it" , was g iv en  in tr a v e n o u s ly ;  1000 mg. 
o f  v ita m in  Kq was g iven  o r a l ly  and 500 mg. o f  v ita m in  Kq was 
g iv en  in tr a v e n o u s ly  by th e  method o f  D avidson and MacDonald 
(1 9 4 3 ) . In  none o f  th e s e  t r i a l s  d id  th e  v ita m in  K ca u se  a 
r i s e  in  prothrom bin t e s t e d  by th e  tw o -s ta g e  m ethod. The 
t e c h n i q u e  o f  D avidson  and MacDonald f o r  a d m i n i s t r a t i o n  o f  
v i t a m i n  i s  d e s c r i b e d  i n  C h a p t e r  2 3 .
F ig u re  (9 9 )
F ig u re  (99)
T w o -sta g e  a r e a  p ro th rom b in  t e s t  on th e  norm al and 
th e  p a t ie n t  w ith  p ro th rom b in  d e f i c i e n c y .
O rd in a te  -  Thrombin u n i t s .
A b sc is sa  -  tim e in  m in u tes a f t e r  a d d it io n  o f  
ca lc iu m .
The sm a lle r  curve i s  th e  r e s u l t  from th e  
prothrom bin d e f i c i e n t  p a t i e n t  and th e  la r g e r  curve  
th a t  from th e  norm al.
Thrombin
units
T-----------------T~
I 2
Time
3
minutes
The e f f e c t  o f  i n t r a v e n o u s  a d m i n i s t r a t i o n  o f  n o rm a l
plasm a. F resh  c i t r a t e d  plasma (860 ml.) was g iv e n  to  th e
p a t ie n t .  The plasma was g iv e n  w ith in  two hours o f  i t s
c o l l e c t i o n  from th r e e  d on ors. On a second o c c a s io n
500 m l. o f s to r e d  c i t r a t e d  plasma was g iv en  to  th e  p a t i e n t .
On each o c ca s io n  th e  r i s e  in  prothrom bin as t e s t e d  by th e  
tw o -s ta g e  method was s l i g h t  and th e  e f f e c t  t r a n s ie n t  ( F i g .1 0 0 ) .  
The in e f f e c t iv e n e s s  o f tr a n s fu s io n  s u g g e s ts  e i t h e r  th a t  th e  
normal r a te  o f  prothrom bin u t i l i z a t i o n  was v ery  h ig h  or t h a t  
i t  was u n u su a lly  f a s t  in  t h i s  p a t ie n t .
The p a t ie n t  i s  a p p a ren tly  th e  f i r s t  to  be d e sc r ib e d  in  
whom a c o a g u la t io n  d e fe c t  can be a t t r ib u te d  to  an u n com p lica ted  
d e f ic ie n c y  o f  prothrom bin. The unusual f e a tu r e s  o f th e
c a se  are  th e  r e l a t i v e l y  s l i g h t  a l t e r a t io n  in  th e  o n e -s ta g e  
“prothrom bin” tim e and th e  len g th en ed  w hole b lo o d  c l o t t i n g  
t im e . The s l i g h t  le n g th e n in g  o f th e  o n e -s ta g e  c l o t t i n g  
tim e su g g e s ts  th a t  th e  o n e -s ta g e  t e s t  i s  r e l a t i v e l y  more 
s e n s i t i v e  to  changes in  f a c t o r s  V and VII than  i t  i s  to  
prothrom bin. The len g th en ed  w h o le -b lo o d  c lo t t i n g  tim e
may be r e la te d  to  a v ery  low  l e v e l  of throm bin g en era ted  
by th e  b lood  th ro m b o p la stin  system  when prothrom bin i s  
g r o s s ly  d e f i c i e n t .  iF ig u r e  101 shows th e  throm bin
g e n e ra tio n  from w hole b lood  - from a normal and th e  p a t i e n t ) .
F igu re  (100)
(F ig u re  100)
Prothrom bin s u r v iv a l  fo l lo w in g  in f u s io n  o f  
plasm a to  th e  prothrom bin d e f i c i e n t  p a t i e n t .  
O rdinate -  p ercen ta g e  prothrom bin .
A b sc is sa  -  tim e in  h ou rs a f t e r  a d m in is tr a t io n  
o f  p lasm a.
The r e s u l t s  o f  two in fu s io n s  are shown. The 
d e t a i l s  are  g iv e n  in  th e  t e x t .
/
ercen.t oge.
,Transtus ion
F ig u re  (101)
F ig u re  (101)
Thrombin g e n e r a t io n  from normal b lo o d  and from  
b lo o d  o f  the prothrom bin d e f i c i e n t  p a t i e n t .
O rdinate -  Thrombin u n i t s .
A b sc is sa  -  Time in  m in u tes a f t e r  v en ep u n ctu re .
thrombin units
•—•normal 
o—o patient
10 1286
time in minutes
T h is  i s  th e  o n ly  p a t ie n t  in  ray ex p e r ien ce  to  have a 
normal fa c to r  V II co n ten t In  th e  p resen ce  o f  g r o ss  prothrom ­
b in  d e f ic ie n c y .  As w i l l  be d e sc r ib e d  in  Chapter 13 th e re  
i s  g e n e r a l ly  s ig n i f i c a n t  d e p r e ss io n  o f  f a c t o r  V II b e fo r e  p r o ­
throm bin becom es d e f i c i e n t .  The on ly  in s ta n c e s ,  which have  
n o t fo llo w e d  t h i s  r u le ,  were in  parenchymatous l i v e r  d is e a s e  
w h ere, though th e r e  was some d e p r e ss io n  o f  fa c to r  V II the  
prothrom bin con ten t was r e l a t i v e l y  low er in  com parison w ith  
th e  o th e r  prothrom bin -  fa c to r  V II d e f i c i e n c i e s .
THROMBOPLASTIN COMPONENTS FACTOR V .
D e f ic ie n c y  o f  fa c to r  V and o f  f ib r in o g e n  are rare  d i s ­
tu rb an ces o f  b lood  c o a g u la t io n . I  have not seen  a ca se  o f  
c o n s t i t u t io n a l  fa c to r  V d e f ic ie n c y .  I  have seen  i t  a s a 
c o m p lic a tio n  o f  l i v e r  d is e a s e  where o th er  c o a g u la t io n  components 
have a l s o  b een  d e f i c i e n t .  The term  parahaeraophilia was 
In trod u ced  by Owren who d escr ib ed  th e  f i r s t  c a s e . The r e ­
p o r te d  c a se s  o f  c o n s t i t u t io n a l  absence o f f a c to r  V have r e ­
c e n t ly  b een  rev iew ed  by Owen and Cooper (1 9 5 5 ). The la b o r ­
a to r y  a ssessm en t o f  th e se  p a t ie n t s  r e v e a le d  a prolonged  one- 
s ta g e  prothrom bin tim e which was sh o rted  by th e  a d d it io n  o f  
o n e -te n th  p a r t o f  adsorbed p lasm a. Plasma so  tr e a te d  con­
t a in s  no prothrom bin and no fa c to r  V II and th e  sh o rten in g  can 
be a t t r ib u te d  to  the a d d it io n  o f  fa c to r  V . T h is d e f ic ie n c y  
can be confirm ed by th e  f a i lu r e  to  c o r r e c t  th e  one-stag©
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prothrom bin tim e o f  the p a t i e n t ’s plasma by the a d d it io n  o f  
s to r e d  o x a la te d  plasm a w hich i s  d e f i c i e n t  in  fa c t o r  V. Pro­
throm bin c o n c e n tr a tio n  in  th e se  p a t ie n t s  was normal but th e  
c o n v e rs io n  in  th e  p resen ce  o f  b r a in  th rom b op lastin  abnorm ally  
s lo w . F a cto r  V II d e f ic ie n c y  can be exclu d ed  by th e  a b i l i t y  
o f  th e  p a t i e n t ’s plasm a to  c o r r e c t  coumarin p lasm a. F o r ty -  
s i x  c a se s  ( in v o lv in g  13 f a m il ie s )  o f  fa c to r  V d e f ic ie n c y  have 
b een  r e p o r te d  in  th e  l i t e r a t u r e .  A rev iew  o f  th e se  c a se s  
su g g e s t s  th a t  an in c o m p le te ly  dominant gene i s  th e  m ost l i k e l y  
method o f  tr a n sm iss io n . In h e r ita n c e  i s  d ir e c t  from one g e n ­
e r a t io n  to  th e  n e x t ,  b o th  se x e s  b e in g  a f f e c t e d .
The two p a t ie n t s  se en  by me who had s ig n i f i c a n t  f a c t o r  
V d e f ic ie n c y  were^a woman on a n tic o a g u la n t therap y w ith  th e  
coum arin drugs who develop ed  c o n g e s t iv e  f a i lu r e  and hepa­
tom egaly  and a man w ith  c ir r h o s is  o f  the l i v e r  who d eve lop ed
)
a haem orrhagic s t a t e .  Both o f  th e se  are d e sc r ib ed  in  th e  
appendix (p ages 9.9 \  ’t y t W ) ,
FACTOR V I I . Combined p ro th rom b in 'factor  VII d e f ic ie n c y  
w i l l  be d e sc r ib ed  in  C hapters * l l f  
I s o la t e d  fa c to r  V II d e f ic ie n c y  as an e s ta b l is h e d  d i s ­
turbance o f  b lo o d  c o a g u la tio n  has n ot been observed  by me 
though a g a in  t h i s  i s  r e p o r te d . In  th e  e a r ly  days o f  coumarin 
th erap y  a s  e x p la in e d  in  Chapter 7 th ere  i s  marked d e p r e ss io n  
o f  f a c t o r  V II b e fo r e  th e re  i s  s i g n i f i c a n t  f a l l  in  prothrom bin
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b u t I  r e f e r  a t  p r e se n t  t o  an e s ta b l is h e d  i s o la t e d  fa c to r  V II 
d e f ic ie n c y  ir r e s p e c t iv e  o f  coum arin drug a d m in is tr a t io n  or 
v ita m in  K d e f i c i e n c y .  Such c a se s  o f  f a c to r  V II d e f ic ie n c y  
are r e p o r te d  by A lexander e t  a l  (1 9 5 1 ) , Jenkin s (1954) and 
H icks (1 9 5 5 ) . These have a prolonged  o n e -s ta g e  c lo t t in g  
tim e c o r r e c te d  by th e  a d d it io n  o f  serum b u t not o f  adsorbed  
p lasm a. The ev id en ce  a v a ila b le  on in h e r ita n c e  i s  a s a  
sim p le  dominant e i t h e r  se x  b e in g  a f f e c t e d .
AM?IHAEMOPHILIC GLOBULIN:CHRISTMAS FACTOR.
H aem ophilia and Christm as d is e a s e  are g iv e n  c o n s id e r a ­
t io n  in  Chapter fS  where a survey o f  the c o n d it io n  in  th e  
th r e e  m i l l io n  p o p u la t io n  o f  th e  West o f  S co tla n d  Is  r e p o r te d .  
In  th e s e  c a se s  se e n  in  S c o tla n d  I have adopted standard  
c r i t e r i a  o f  in v e s t ig a t io n  throughout th e  s e r i e s .
PLATELETS. Throm bocytopenia has been d isc u sse d  in  d e­
t a i l  under th e  p l a t e l e t - c a p i l l a r y  group o f  d is o r d e r s . Such  
d e f ic ie n c y  o f  p l a t e l e t s  w i l l  o f  course be a s s o c ia te d  w ith  
corresp on d in g  d is tu rb a n ce  o f  th ro m b o p la stin  fo rm a tio n .
FIBRINOGEN* D e f ic ie n c y  o f  f ib r in o g e n  i s  amongst th e  
r a r e s t  o f  th e  c o a g u la t io n  d is tu r b a n c e s . From th e  work o f  
P in n ig e r  and Prunty (1946) and S te fa n in i  and P e t r i l l o  (1949) 
i t  appears th a t  c lo t t i n g  e f f i c i e n c y  changes s ig n i f i c a n t ly  
when th e  f ib r in o g e n  c o n c e n tr a tio n  i s  reduced to  60m g/l00m l•
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E x c e p t io n a lly ,  how ever, p a t ie n t s  whose c lo t t i n g  d e fe c t  
has been a t t r ib u te d  to  f ib r in o g e n  d e f ic ie n c y  have been  
found to  have f ib r in o g e n  l e v e l s  g r e a te r  than 100 mg/100 m l. 
(A llib o n e  and Barr 1943 , H e in ild  1 9 4 4 ).
I  have ob served  th r e e  p a t ie n t s  in  whom s ig n i f i c a n t  
d e f ic ie n c y  o f  f ib r in o g e n  was r e sp o n s ib le  f o r  d is tu rb a n c e  
of c l o t t i n g  e f f i c i e n c y .  In  o n ly  one o f th e s e  was th e  
f ib r in o g e n  l e v e l  m arkedly below th e  l e v e l  o f  100 mg./lOO m l. 
The c a se s  were a l l  f i r s t  su sp ec ted  o f f ib r in o g e n  d e f ic ie n c y  
on o b se r v a tio n  of th e  poor f ib r in  c lo t  on r e c a lc i f i c a t io n  
o f th e  p lasm a. The p a t ie n t s  are  d e sc r ib ed  in  d e t a i l
in  th e  appendix but th e  r e le v a n t f e a tu r e s  can be 
summarized as f o l l o w s : -
(1 )  FIBRINOGEN DEFICIENCY IN CIRRHOSIS OF THE LIVER
T.W ., aged 7 5 . T his p a t ie n t  p resen ted  w ith  a 
su barachnoid  haem orrhage. On exam ination  he was found
to  have m u lt ip le  haematomata and c le a n  venepuncture  
r e s u lte d  in  w idesp read  ecch ym osis. The subarachnoid  
haemorrhage was thought to  be th e  outcome o f d e f e c t iv e  
h a e m o sta s is . On r e c a lc i f i c a t io n  o f  th e  plasma 
th e  f i b r in  formed was a p o o r ly  formed th read y  c lo t  
which r a p id ly  ly s e d .  F ib rin ogen  a ssa y  r e v e a le d  o n ly
46m g/l00m l. T h is p a t ie n t  had a t au top sy  very  advanced  
c ir r h o s i s  o f  th e  l i v e r .  There were other a sp e c ts  o f h is
c lo t t in g  d e fe c t  in  th a t th e r e  was d e f ic ie n c y  o f prothrom bin,
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f a c t o r s  V and V II , v ery  a c t iv e  f i b r i n o l y s i s ,  a d is tu r b e d  
th r o m b in -fib r in o g e n  r e a c t io n  in  consequence o f  th e  low  f i b ­
r in o g e n  l e v e l ,  and th rom b ocytop en ia .
(2 ) CONSTITUTIONAL FIBRINOPENIA.
H .M cI., aged . T h is  p a t ie n t  had fo r  many y ea rs  
s u f f e r e d  from haem atem esis and m elaena o f  u n ex p la in ed  a e t i o l ­
ogy . No l e s i o n  had ever been  found in  th e  upper g a s t r o ­
i n t e s t i n a l  t r a c t .  On r e c a l c i f i c a t i o n  o f  the plasm a poor  
f i b r i n  fo rm a tio n  was o b serv ed . F ib r in o g en  r ea d in g s  on con ­
s e c u t iv e  days were in  m g./lO O m l. 1 0 5 , 1 0 1 , 8 8 . One l i t r e  
o f  f r e s h  plasm a was g iv e n . Im m ediately a f t e r  th e  in f u s io n  
th e  l e v e l  was 122 mg. but rea d in g s a t  4 hours and 8 hou rs  
a f t e r  co m p letio n  o f  th e  in fu s io n  record ed  v a lu e s  o f  105m g/ 
100m l. The 11 in  v iv o n l i f e  o f  the f ib r in o g e n  was th e r e fo r e  
v ery  s h o r t  in  t h i s  p a r t ic u la r  p a t i e n t .  H a rd isty  and 
P in n ig e r  (1956) found a l o s s  o f  h a l f  th e  c o n c e n tr a tio n  o f  
a d m in is ter ed  f ib r in o g e n  over 24 h o u rs .
(3 ) UNEXPLAINED FIBRINOGEN DEFICIENCY.
M .S ., aged 1 6 . T h is  was a g i r l  w ith  an u n exp la in ed  
p y r e x ia  a s s o c ia t e d  w ith  a haem orrhagic d ia t h e s i s  -  sp on tan ­
eous haematomata and b le e d in g  from  n e e d le  p u n c tu r e s . She 
a ls o  had a h a em o ly tic  anaem ia. The c lo t  observed  on th e  
w hole b lo o d  c lo t t in g  tim e t e s t  was v ery  p o o r . The c lo t
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observed  on r e c a l c i f i c a t i o n  o f  th e  plasma was a ls o  p o o r .
The f ib r in o g e n  c o n ten t was e s t im a te d  a t  75 -1 2 5  mg/lOOml.
The p a t ie n t  was in  a d d it io n  th ro m b o cy to p en ic . The r e s u l t s  
on t h i s  p a t ie n t  are d e sc r ib e d  in  d e t a i l  in  th e  appendix  
page . The e x a c t  p a th o lo g y  was never e s t a b l i s h e d .
In  th e se  th r e e  p a t ie n t s  i t  i s  b e l ie v e d  th a t  f ib r in o g e n  
d e f ic ie n c y  was c o n tr ib u t in g  t o  th e  c o a g u la t io n  a b n o rm a lity .
In  two o f  them th e  l e v e l  o f  f ib r in o g e n  was h ig h e r  th an  i s  
g e n e r a l ly  a c ce p ted  a s a c r i t i c a l  l e v e l  fo r  haem orrhage. In  
two o f  th e  p a t ie n t s  th ere  was an a s s o c ia te d  th rom b ocytop en ia . 
The a s s o c ia t io n  o f  f ib r in o g e n  d e f ic ie n c y  w ith  throm bocyto­
p e n ia  s u g g e s ts  the p o s s i b i l i t y  o f  in tr a v a s c u la r  c l o t t i n g  
from r e le a s e  o f  th ro m b o p la stin  in to  the c i r c u la t io n .  I t  i s  
u n l ik e ly  th a t  t h i s  cou ld  be the e x p la n a tio n  in  th e  f i r s t  c a se  
but th e  n atu re  o f  Case 3 was never  d eterm ined .
(4 )  FIBRINOGEN DEFICIENCY IN PREGNANCY.
There has r e c e n t ly  been  c o n s id e r a b le  in t e r e s t  in  a new ly  
r e c o g n ise d  d is tu rb a n c e  o f  b lo o d  c o a g u la t io n  in  pregnancy.
The e x a c t  n a tu re  o f  th e  c l o t t i n g  d istu rb an ce  in  t h i s  c o n d i­
t io n  has n ever  been in v e s t ig a t e d  but two a c ce p ted  fe a tu r e s  
are a d e f i c i e n c y  or absence o f  f ib r in o g e n  in  th e  p resen ce  o f  
a v ery  a c t iv e  f i b r i n o l y t i c  mechanism. T h is  haem orrhagic  
s t a t e ,  a r is in g  in  some o b s t e t r ic a l  e m erg en c ies , has b een
r ec o g n ise d  f o r  many y ea rs  but has r e c e n t ly  r e c e iv e d  
renewed a t t e n t io n ,  p o s s ib ly  as a consequence o f  th e  work 
of S c h n e id er . T h is c o n d it io n  i s  most commonly seen  
in  a s s o c ia t io n  w ith  a c c id e n ta l  ant&partum haem orrhage.
I t  has been r ep o rted  to  occu r a ls o  in  am n io tic  f l u i d  
em bolism , in  a s s o c ia t io n  w ith  r e te n t io n  o f  a m acerated  
fo e tu s  in  a Kh Immunized m other, in  m issed  a b o r tio n  and 
in  h y d a t id i f o m  m ole. There have been many t h e o r ie s  
to  account f o r  t h i s  d e p le t io n  o f f ib r in o g e n ;  some 
b e l ie v e  th a t  i t  i s  due to  e x c e s s iv e  u t i l i z a t i o n  as a 
consequence o f  in tr a v a s c u la r  c lo t t in g  or o f th e  form ation  
of r e tr o p la c e n ta l  c lo t  or o f f ib r in  d e p o s it io n  in  th e  
u te r in e  w a ll;  o th e r s  b e l ie v e  th a t  th e  d e p le t io n  i s  th e  
consequence o f  abnorm ally a c t iv e  p r o t e o ly t ic  system s in  
th e  b lo o d  c a u sin g  f i b r i n o l y s i s  or  p o s s ib ly  f i b r in o g e n o ly s i s .
The th e o ry  which has ga in ed  most support i s  th a t  o f  
S ch n eid er  who b e l ie v e s  th a t  t i s s u e  th rom b op lastin  i s  
l ib e r a t e d  in t o  th e  c ir c u la t io n  as a consequence o f  th e  
d is r u p t iv e  p r o c ess  in  th e  u te ru s  and th ereb y  in tr a v a s c u la r  
c lo t t in g  i s  I n i t i a t e d .  The r e s u lta n t  f ib r in  forms m u lt ip le  t in y  
em boli in  th e  pulmonary and o th e r  c a p i l la r y  b ed s . I t  has been  
p o s tu la te d  th a t  th e  p a t ie n t  may d ie  b ecause o f  th e  f ib r in  in  
th e  pulmonary a r t e r i a l  t r e e  o r  th a t  th e r e  may be a d e p le t io n  
of f ib r in o g e n  w ith  r e s u lta n t  d is tu rb a n c e  of b lo o d  c lo t t in g  
and a haem orrhagic d i a t h e s i s .  I t  has been su g g es ted  th a t
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th e  f i b r i n  throm bi in  th e  k id ney  in  r e n a l c o r t i c a l  n e c r o s is  
accom panying se v e r e  a c c id e n ta l  haemorrhage may be a m a n ife s ta ­
t io n  o f  t h i s  h y p o th e t ic a l  l ib e r a t io n  o f  th ro m b o p la stin  in t o  
th e  c i r c u la t io n .
The o th er  th e o ry  a s  t o  the n atu re o f  t h i s  c o a g u la t io n  
d e fe c t  s t r e s s e s  th e  a c t iv e  p id b eo ly tic  system  in  th e  b lo o d  o f  
th e se  p a t i e n t s .  T h is i s  dem onstrated  when a rea so n a b le  
amount o f  c lo t  has been formed b u t q u ic k ly  ly s e d  when m ain­
ta in e d  in  v i t r o  a t  37° C. T h is p r o t e o ly t ic  a c t i v i t y  i s  
r e a d ily  dem onstrab le upon f i b r i n ,  b u t may be n o n - s p e c i f i c  and 
cap ab le  o f  p r o t e o ly s is  o f  f ib r in o g e n  and oth er  c lo t t in g  f a c t ­
o r s .  T issu e  i s  a known a c t iv a t o r  o f  th e  f i b r i n o l y t i c  system  
o f plasm a and i t  can be p o s tu la te d  th a t  th e  a c t i v i t y  i s  a l s o  
a consequence o f  r e le a s e  o f  th ro m b o p la stin  in to  the c ir c u la ­
t i o n .  A l t e r n a t iv e ly  t h i s  a c t i v i t y  co u ld  be m erely  th e  b o d y ’s 
attem p t to  remove the f ib r in  w hich has been  formed in t r a ­
v a sc u la r  l y .
S im ila r  d is tu r b a n c e s  o f  b lo o d  c o a g u la t io n  have been  r e ­
p o r ted  in  c o n d it io n s  o th e r  than  pregnancy, in c lu d in g  lung  
o p e r a t io n s , m u lt ip le  gunshot wounds, p r o s ta t ic  d is e a s e  and 
p a n c r e a t ic  tum ours. In  th e  lun g  o p e r a tio n s  and gunshot 
wounds r e le a s e  o f  th rom b op lastin  in t o  th e  c ir c u la t io n  can  
a ga in  be p o s tu la te d ;  in  p r o s t a t ic  d is e a s e  and p a n c r e a tic  
tumours r e le a s e  o f  f i b r i n o l y t i c  enzymes may be r e s p o n s ib le .
Only one example o f  a fib r in o g en a em ia  o f  pregnancy has  
b een  se e n  and t h i s  i s  d e sc r ib e d  in  the appendix page 9 >'5 . 
A part from  th e  d e f ic ie n c y  o f  f ib r in o g e n  th e  o n ly  o th er  d e ­
p l e t io n  was o f  a n tih a em o p h ilic  g lo b u l in .  S in c e  t h i s  i s  
u sed  up d u rin g  b lo o d  c l o t t i n g ,  i t  may be th a t  t h i s  a g a in  i s  
a m a n ife s ta t io n  o f  in tr a v a sc u la r  c o a g u la t io n .
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haemorrhagic  d i a t h e s i s  o f  l i v e r  d y s f u n c t i o n .
Acta  med. Scand. 134, 139 .
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When th e  fe a tu r e s  o f  the d e fe c t  in  coum arin drug th erap y  
had b een  e s ta b l is h e d  i t  became c le a r  th a t  a r e a sse ssm e n t o f  
th e  o th e r  common ^hypoprothrom binaem ias11 was n eed ed .
The s a l i e n t  fe a tu r e s  o f  th e  ab n orm ality  fo l lo w in g  coum arin  
drug th era p y  were the d e f i c i e n c i e s  o f  f a c to r  V II and to  a 
l e s s e r  e x te n t  prothrom bin and the reduced c a p a c ity  o f  the  
serum to  form b lo o d  th ro m b o p la stin . The o th er  whypoprothrom - 
b in a em ia s1* w hich were in v e s t ig a te d  w e r e :
(a )  in  the newborn.
(b ) in  s a l i c y l a t e  th era p y .
(c )  in  s te a to r r h e a .
(d ) n u t r i t io n a l  v ita m in  K  d e f ic ie n c y .
(e )  o b s tr u c t iv e  ja u n d ic e , ( t h i s  i s  d e sc r ib e d  in  th e
n e x t chapter to g e th e r  w ith  th e  changes in  p a ren ­
chymatous l i v e r  d i s e a s e ) .
PROTHROMBIN: T h is was e s tim a te d  e i t h e r  by th e  a rea
method or th e  g lo b u lin  f r a c t io n  tech n iq u e  (se e  pages S'10 ? 
o f  th e  a p p en d ix ).
FACTOR V I I : T h is was m easured by the method d e sc r ib e d
by B ig g s  and M acfarlane (1 9 5 3 ) .
The method employs trom exan, d indevan or o th er  coumarin  
plasm a c o l l e c t e d  during th e  f i r s t  few days o f th erap y  - when 
the o n e -s ta g e  c lo t t i n g  tim e i s  pro lon ged  due t o  d e f ic ie n c y
o f  fa c to r  V I I , b e fo r e  th e re  i s  s i g n i f i c a n t  f a l l  in  th e  c o n ­
c e n tr a t io n  o f  the prothrom bin. By making m ix tu res o f  the
normal and the unknown w ith  trom exan plasm a and u s in g  th e  
graph shown in  F igu re  / 0 2  an a ssa y  o f  f a c t o r  V II co n ten t can  
be made a s  in  the fo llo w in g  exam ple.
Exam ple: Tromexan plasm a = 44 M
l / l O  normal p lasm a.
in  tromexan plasm a * 21" 
l / lO  t e s t  plasm a
in  trom exan plasm a ■ 38"
R eading from graph:
44" = 3 #
21n -  1 4 .2 #
38 n = 3 . 8 #
T h erefo re  p ercen ta g e  fa c t o r  V II in  t e s t  plasm a
= 3 .8  -  3
1 4 .2  -  3
The r e s u l t s  o f  t h i s  a ssa y  procedure were checked from tim e  
to  t im e , by  making a d i lu t io n  curve o f  a normal plasm a in  
th e  in d iv id u a l  tromexan or dindevan plasm a b e in g  used  in  th e  
p a r t ic u la r  a ssa y  (s e e  f ig u r e  10 3  ) .
FACTOR V . T h is  was e s tim a te d  by th e  m ethods p r e v io u s ly  
u sed  in  th e  t h e s i s  and d e sc r ib e d  in  d e t a i l  in  th e  appendix  
(pages 573 , <579 ) •
Figure  (102)
F i g u r e  ( 1 0 2 )
F a cto r  V II a ssa y  c u rv e .
O rdinate -  o n e -s ta g e  c lo t t i n g  t im es  in  se c o n d s . 
A b sc is sa  -  p ercen ta g e  f a c t o r  V II a s a r e c ip r o c a l .
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F ig u re  (103)
/
F igure  (103)
F a cto r  VII a ssa y  cu rv e .
O rdinate -  o n e -s ta g e  c lo t t i n g  t im es  in  se c o n d s .  
A b sc is sa  -  p ercen ta g e  fa c to r  V II .
6o-clotting time in sec
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30-
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NEWBORN.
H ealth y  in f a n t s  were exam ined. Specim ens o f  cord  
"blood were c o l l e c t e d  s h o r t ly  a f t e r  b i r t h ,  in t o  a sy r in g e  by  
venepun ctu re o f  the u m b ilic a l  v e in .  Specim ens o f  b lo o d  c o l ­
l e c t e d  by d r ip p in g  from th e  cu t end o f  th e  cord  a lm ost i n ­
v a r ia b ly  c l o t ,  p rob ab ly  due to  adm ixture o f  t i s s u e  thrombo­
p l a s t i n  from  th e  co rd . At 48 -72  hours a f t e r  b ir t h  a fu r th e r  
specim en was o b ta in ed  by venepuncture o f  th e  a n te c u b ita l  
v e in s ,  and on o c c a s io n  o f  th e  e x te r n a l  and in te r n a l  ju g u la r s .  
I t  i s  in e v i t a b le  th a t  more specim en s were c o l l e c t e d  th a n  
cou ld  be in c lu d e d  in  t h i s  i n v e s t ig a t io n ,  many h av in g  t o  be  
ex c lu d ed  on acco u n t o f  c l o t t i n g .  1 .8  m l. were c o l l e c t e d  
in t o  0 .2  m l. o f  3 .8  sodium  c i t r a t e .  T h is gave j u s t  s u f f i c ­
i e n t  plasm a t o  be a b le  t o  do Q u ick C  o n e -s ta g e  t e s t ,  th e  
a rea  tw o -s ta g e  t e s t  and th e  f a c t o r  V II co n ten t o f  each  s p e c i ­
men. To h a l f  o f  th e  in f a n t s  10 mg. sy n k a v it  were admin­
i s t e r e d  by in tra m u scu la r  i n j e c t i o n  a t  th e  tim e o f  w ith d raw al 
o f  th e  cord b lo o d .
R e s u l t s .
F a cto r  V II and P rothrom bin .
42 in fa n t s  were exam ined. To 21 o f  t h e s e  10 mg. o f  
v ita m in  K were g iv e n  as d e sc r ib e d  a b o v e . The mean o f  th e  
r e s u l t s  i s  shown in  F i g . /0 ^ and T able .
Figure  (104 )
F ig u re  (104)
P ro th ro m b in  and f a c t o r  V II  c o n c e n t r a t io n s  i n  
c o r d  b lo o d  and i n  b lo o d  c o l l e c t e d  4 8  h o u r s  a f t e r  b i r t h  
w ith  and w it h o u t  a d m in i s t r a t io n  o f  v i t a m in  K.
O r d in a te  = p e r c e n t a g e  p r o th r o m b in  and f a c t o r  V I I .
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T h ere  i s  a  r e d u c e d  l e v e l  o f  b o t h  f a c t o r  V II  an d  p r o ­
th r o m b in  i n  t h e  c o r d  b l o o d .  T h e se  l e v e l s  f a l l  c o n s id e r a b ly  
f u r t h e r  a t  t h e  t h i r d  d a y . I f  v i t a m in  K i s  g iv e n  i t  f a i l s  
t o  p r o d u c e  n o rm a l c o n t e n t  o f  t h e s e  f a c t o r s  on  th e  t h i r d  d ay  
b u t  i t  m a in t a in s  l e v e l s  a t  l e a s t  a s  g o o d  a s  i n  t h e  c o r d  b l o o d .  
I n  F i g s . ' W  a n d 'o t  th e  m ean o f  t h e  o b s e r v a t io n s  on t h e  tw o  
s t a g e  t e s t  a r e  sh ow n . The a n t i th r o m b in  c o n t e n t  o f  th e  i n ­
f a n t  ’s  b lo o d  w as fo u n d  t o  b e  s i m i l a r  t o  t h a t  o f  n orm al p la s m a .  
T h is  w as an  e s s e n t i a l  p r e r e q u i s i t e  t o  th e  a p p l i c a t i o n  o f  th e  
t w o - s t a g e  m e th o d . ( s e e  p a g e  ^ 7 r o f  th e  a p p e n d ix ) .
F a c t o r  V .
The f a c t o r  V w as e s t im a t e d  b y  t h e  tw o  m eth o d s d e s c r ib e d  
a b o v e .
( a )  F o u r  sp e c im e n s  o f  3 r d  d a y  i n f a n t  b lo o d  w e r e  e x a m in e d .
F ig u re  (105)
T w o -s ta g e  a r ea  p r o th ro m b in  t e s t  i n  norm al b lo o d ,  
c o rd  b lo o d  and b lo o d  c o l l e c t e d  4 8  h o u r s  a f t e r  b i r t h  
w ith o u t  p r e v io u s  a d m in i s t r a t io n  o f  v i t a m in  K.
O r d in a te  -  th ro m b in  u n i t s .
A b s c i s s a  -  t im e  i n  m in u te s  a f t e r  a d d i t i o n  o f  
c a lc iu m .
Mean o f  21  o b s e r v a t i o n s .
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F ig u r e  (1 0 6 )
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F ig u re  (106)
Two-stage area prothrombin t e s t  i n  normal b lo o d  
and b lood  c o l l e c t e d  48 hours a f t e r  b i r t h  w ith  previcu  s 
a d m in is tr a t io n  o f  v i ta m in  K.
O r d in a te  -  T hrom bin u n i t s .
A b s c i s s a  -  t im e  i n  m in u te s  a f t e r  a d d i t i o n  o f  
c a lc iu m .
Mean o f  21 o b s e r v a t i o n s .
T h ro m b in  u n i t s
n o r m a l
l 2 3 4  5 6
T im e  in m in u te s
The m ean a c t i v a t i o n  o f  t h e  p r o th ro m b in  u n d er  t h e  i n f l u e n c e  
o f  f a c t o r  V fro m  t h e s e  sp e c im e n s  i s  a s  g o o d  a s  t h a t  o f  th e  
m ean o f  t h e  n o r m a ls  ( P i g .  '© 7 )•
(b )  The c o r r e c t i o n  o f  s t o r e d  o x a la t e d  p la sm a  i s  show n  
i n  T a b le  /7  .
TABLE 19
S t o r e d  p la sm a j + i  n orm al p la sm a + i  i n f a n t  p la sm a
2 1 .8 " 1 5 . 7 ”
t
1 6 .7 "
(M ean o f  7  o b s e r v a t io n s )
Prom  t h e s e  r e s u l t s  i t  may b e  c o n c lu d e d  t h a t  t h e  
”h y p o p r o th r o m b in a e m ia fl o f  t h e  new born i s  due t o  a  d e f i c i e n c y  
o f  b o t h  f a c t o r  V II  and  p r o th r o m b in . I t  i s  p r o b a b le  t h a t  
th e  d e f i c i e n c y  i n  f a c t o r  V II  i s  t h e  c a u se  o f  th e  p r o lo n g e d  
o n e - s t a g e  c l o t t i n g  t i m e ,  s i n c e  th e  d e g r e e  o f  p r o th ro m b in  
d e f i c i e n c y  o b s e r v e d  i s  n o t  s u f f i c i e n t  t o  b e  l i k e l y  t o  c a u s e  
l e n g t h e n in g  o f  t h e  o n e - s t a g e  t im e  (B ig g s  and D o u g la s ,  1 9 5 3 ) .  
The d e g r e e  o f  d e f i c i e n c y  o f  t h e s e  f a c t o r s  i s  much g r e a t e r  
on th e  t h i r d  d a y  th a n  i t  i s  i n  th e  c o r d  b l o o d s .  The a d ­
m i n i s t r a t i o n  o f  w a te r  s o l u b l e  v i t a m in  K t o  t h e  i n f a n t  p r e ­
v e n t s  t h e  f a l l  i n  f a c t o r  V I I  an d  p r o th r o m b in , b u t  d o e s  n o t  
r e s t o r e  t h e s e  f a c t o r s  t o  n orm al l e v e l s .
F ig u r e  (1 0 7 )
■ r c ' i q.  i o  TToFt-v-vi-jrb': - x f - I y -axrtfa v x x l I x  , arxT-  
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ax ( a x a; : ■ .L ■ axxX x i ;  f r t & : -rexix)
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F i g u r e  (1 0 7 )
F actor V e s t im a t io n  in  the newborn.
O rdinate -  throm bin u n i t s .
A b sc is sa  -  tim e in  m in u tes a f t e r  a d d it io n  o f  
ca lc iu m .
T h is f ig u r e  shows th e  a c t iv a t io n  o f  prothrom bin  
by th e  fa c to r  V from th e  in f a n t  b lo o d  by a co n tin u o u s  
l in e  (me^an o f  fou r  3rd  day in f a n t  b lo o d s)  a s  compared 
w ith  t h a t  from th e  normal (d is c o n t in u o u s  l i n e s ) .
thrombin units
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L o e lig e r  and H o lle r  (1952) have a ls o  in v e s t ig a t e d  th e  
f a c t o r  V II and prothrom bin c o n ten t o f  cord b lo o d  and con ­
c lu d ed  t h a t  b o th  o f  th e s e  fa c t o r s  were d e f i c i e n t .  They 
r ec o rd  much low er  f ig u r e s  th an  were found in  t h i s  in v e s t ig a ­
t i o n  (24% f a c t o r  V II and 28$ prothrom bin in  a s e r i e s  o f  33 
cord  b lo o d s ) .  The te c h n iq u e s  employed by L o e lig e r  and 
K o lle r  are v e r y  d i f f e r e n t  from th o se  used  in  t h i s  in v e s t ig a ­
t i o n .
Prom the l im i t e d  number o f  o b se r v a tio n s  made in  t h i s  
s tu d y  i t  i s  prob ab le  th a t  th e r e  i s  no g r e a t d e f ic ie n c y  o f  
f a c t o r  V in  th e  newborn. T h is confirm s th e  f in d in g s  o f  
S t e f a n in i  (1951) who found !,th e  l a b i l e - f a c t o r  a c t i v i t y  o n ly  
s l i g h t l y  d e p le te d , w hereas plasm a prothrom bin a c t i v i t y  was 
much red u ced  d u rin g  th e  th ir d  day a f t e r  b i r t h ” . S t e f a n in i  
was u s in g  a tech n iq u e  In v o lv in g  c o r r e c t io n  o f th e  p ro lon ged  
o n e -s ta g e  c l o t t i n g  tim e o f  s to r e d  o x a la te d  p lasm a.
There has b een  some doubt thrown on th e  v a lu e  o f  v ita m in  
K in  p r e v e n tio n  and management o f  haem orrhagic d is e a s e  o f  the  
newborn. Hay, Hudson and Rodgers (1951) found th a t  v ita m in  
K a d m in is te r e d  t o  th e  m others d id  n o t reduce th e  in c id e n c e  
o f  t h i s  d i s e a s e .  Sandford e t  a l  (1942) found th a t  v ita m in  K 
a d m in is ter ed  t o  the baby, or t o  th e  mother b e fo re  b ir t h ,  
r a is e d  th e  prothrom bin l e v e l  bu t d id  not a f f e c t  th e  freq u en cy  
o f  haem orrhagic m a n if e s ta t io n s .  I t  was n o t  the o b je c t  o f
~ dl5~
t h i s  in v e s t ig a t io n  t o  stu d y  th e  com plete c o a g u la t io n  mechan­
ism  in  th e  newborn, nor t o  e s t a b l i s h  th e  r e la t io n s h ip  o f  
v ita m in  K t o  th e  in c id e n c e  and management o f  haem orrhagic  
d is e a s e  o f  the newborn. I t  may w e l l  be t h a t  th e  c o a g u la t io n  
d e f e c t  i s  more e x te n s iv e  th a n  d e f ic ie n c y  o f  f a c t o r  V II and 
prothrom bin . B ig g s  and M acfarlane (1953) have shown th a t  
th e  th r o m b in -f ib r in o g e n  r e a c t io n  i s  abnormal in  th e  newborn. 
Below i t  i s  shown th a t  th e  serum from an in fa n t  w ith  haem orr­
h a g ic  d is e a s e  o f  th e  newborn was d e f e c t iv e  in  i t s  a b i l i t y  to  
form i n t r i n s i c  th ro m b o p la s tin . Haemorrhage in  th e  newborn 
may b e  due t o  a b n o r m a lit ie s  o th er  th a n  th o se  a s s o c ia t e d  w ith  
a p r o lo n g a t io n  o f  th e  o n e-3 ta g e  c lo t t i n g  tim e -  fo r  exam ple, 
throm bocytopen ia  o f  th e  newborn i s  a w e l l  r e c o g n ise d  e n t i t y .
T h is  i n v e s t ig a t io n  p r e se n ts  reason ab le  ev id en ce  th a t  
th e  a d m in is tr a t io n  o f  v ita m in  K t o  the newborn in fa n t  a r r e s t s  
th e  u su a l f a l l  in  b o th  fa c to r  V II and prothrom bin. Even i f  
d e f ic ie n c y  o f  fa c to r  V II and prothrom bin p roves u lt im a te ly  t o  
b e o n ly  a c o n tr ib u to r y  f a c to r  in  haem orrhagic d is e a s e  o f  th e  
newborn, i t  i s  o f  im portance t o  know th a t  v ita m in  K does 
c o n tr o l the l e v e l  o f  th e s e  su b s ta n c e s .
A ssessm en t o f  th e  c o a g u la t io n  d e f e c t  in  a ca se  o f  haem orrhagic
d is e a s e  o f  th e  newborn.
The in v e s t ig a t io n s  d e sc r ib e d  above were c a r r ie d  out in  
th e  R a d c l i f f e  In fir m a ry , O xford, and C h u r c h ill  H o s p ita l ,
3:(o~
O x f o r d , in  1952 and 1953* In  1954 th e  c a se  t o  be d e sc r ib e d  
was in v e s t ig a t e d  from  the R oyal H o sp ita l fo r  S ic k  C h ild r e n , 
Y o r k h i l l ,  G lasgow . The d e t a i l s  o f  th e  ca se  and o f th e  r e ­
s u l t s  o f  th e  in v e s t ig a t io n s  were a s fo l lo w s
Baby C .:  T h is newborn in fa n t  had haem orrhagic d is e a s e
o f  th e  newborn. The c h i ld  fs m other had a se v e r e  e p i s t a x i s  
a t  th e  o n se t  o f  la b o u r ; th e  cause o f  t h i s  was unknown though  
she was s a id  n ot to  be h y p e r te n s iv e . The c h i ld  was b orn
w ith  numerous b r u is e s  on f a c e ,  neck and lim b s . T hese i n ­
c r e a se d  d u rin g  th e  fo l lo w in g  36 hours and th e  baby d ev e lo p ed  
same o o z in g  from th e  u m b ilicu s  bu t no b le e d in g  from th e  
b ow el or o th e r  s i t e .
B le e d in g  tim e was g r e a t ly  p ro lon ged  b u t p l a t e l e t s  were 
abund ant.
The r e s u l t s  o f  th e  in v e s t ig a t io n  on t h i s  in fa n t  rs b lo o d  
were as f o l lo w s
O n e-stage  c lo t t i n g  tim e  -  P a t ie n t  2 i f C on tro l 1 6 n
■  II— I I I  II  ■! ■ f r d h w — « I m i II I I......................  _ . T  .  .  m M
3 i *  17"
R e c a l c i f i c a t i o n  tim e  -  P a t ie n t  8 f C on tro l l i !
1 0 t
T h rom bop lastin  g e n e r a t io n  t e s t .
(1 ) (2 )  (3 ) (4 ) (5 )  (6 )
Normal adsorb ed  plasm a
Normal serum 10 8 8 8 8 8
P l a t e l e t s
' 3/7"
(1 ) (2 ) (3 ) (4 ) (5) (6 )
8 9 8 8 8 8
20 20 22 17 20 15
Thromboplastin generation  t e s t  (Contd.)
P a t ie n t  adsorb ed  plasm a  
Normal serum  
P l a t e l e t s
Normal adsorb ed  plasm a  
P a t ie n t  serum  
P l a t e l e t s
Prothrom bin a ssa y
by g lo b u lin  f r a c t io n  method
(1 m l. o f  plasm a + 0 .2  m l. normal serum)
Normal 1 6 “ P a t ie n t  76*
= 20$
To t e s t  a b i l i t y  to  correct  
Christmas d isea se  serum oil 
throm boplastin g en era tio n .
Normal adsorb ed  plasm a
P l a t e l e t s (1 ) (2 ) (3 ) (4 ) (5 ) (6 )
Serum -  0 .2  C hristm as Serum 
p lu s
0 .1  normal serum 15 11 10 11 11 12
0 .1  p a t ie n t  serum 60 16 16 14 15 10
0 .1  s a l in e 50 30 18 18 21 19
Comment -  I n a b i l i t y  t o  c o r r e c t  C hristm as d is e a s e  serum  
( s e e  f ig u r e  /o $  ) .
Subsequent s tu d y .
O n e-stage  c lo t t i n g  tim e -  In fa n t  10* ¥ Normal 17*
+ l / l O  serum * 60“
+ l / l O  adsorbed normal plasm a = 8 ’
F ig u r e  (1 0 8 )
The i n a b i l i t y  o f  serum in  h aem orrh ag ic  d i s e a s e  o f  
th e  newborn to  c o r r e c t  th e  th r o m b o p la s t in  d e f e c t  in  
C h ristm as d i s e a s e  serum .
O rd in a te  -  p e r c e n ta g e  th r o m b o p la s t in .
A b s c is s a  -  t im e  i n  m in u te s  a f t e r  a d d i t io n  o f  
c a lc iu m .
T h is  f ig u r e  d e m o n str a te s  th e  im p a ir e d  a b i l i t y  o f  
th e  in f a n t ’s serum to  c o r r e c t  th e  th r o m b o p la s t in  
d e f e c t  i n  C h ristm a s d i s e a s e  serum  u s in g  th e  
th r o m b o p la s t in  g e n e r a t io n  t e s t .
io o -
xmas
normal
no
addition
x —2 0 -
42
time in minutes
~ 3 f % -
The fe a tu r e s  o f  t h i s  case  are the v e r y  p ro lo n g ed  one-  
s ta g e  c l o t t i n g  tim e w ith  d e f i c i e n c i e s  o f  f a c t o r  V II and p r o ­
throm bin but not o f  f a c t o r  V . The r e c a l c i f i c a t i o n  tim e was 
g r e a t ly  p ro lo n g ed  and th e  serum showed marked i n a b i l i t y  to  
form th ro m b o p la stin  and to  c o r r e c t  th e  d e f e c t  in  C hristm as  
d is e a s e  serum (se e  f ig u r e  ) .
In  S a l i c y l a t e  T herapy.
The chem ical s im i la r i t y  betw een s a l i c y l a t e  and d icum arol 
and th e  d is c o v e r y  th a t  s a l i c y l i c  a c id  was the prim ary degrad a­
t io n  prod u ct o f  d icum arol su g g es ted  to  Link (1943) th a t
* /
d icum arol m ight owe i t s  e f f e c t iv e n e s s  in  v i t r o ,  to  c o n v e r s io n  
t o  s a l i c y l i c  a c id .  In  exp erim en ta l an im als on a low v ita m in  
K d i e t  s a l i c y l a t e s  were found t o  reduce the prothrom bin l e v e l  
(Link e t  a l  1 9 4 3 ) . In human beings^hypoprothrom binaem ia has 
been found w ith o u t r e s t r i c t i o n  o f  v ita m in  K. The r e d u c t io n s  
r ep o r ted  have g e n e r a lly  been l e s s  than 50 per cen t o f  normal 
(S e eg e rs  1 9 5 1 ) .
I t  i s  o f  in t e r e s t  to  note  th a t  Jaques and Lepp (1947)  
found t h a t  in tra v en o u s a d m in is tr a t io n  o f  s a l i c y l a t e s  t o  r a b b it s  
cau sed  no a l t e r a t io n  in  prothrom bin t im e , w h ile  o r a l a d m in is tr a ­
t io n  r e s u l t e d  in  a p r o lo n g a t io n . A fte r  th e  o r a l a d m in is tra ­
t io n  o f  s u lfa s u x id in e  the o r a l a d m in is tr a t io n  o f  sodium s a l i ­
c y la t e  d id  n ot a f f e c t  th e  prothrom bin t im e . They su g g e s t  
th a t  s a l i c y l a t e s  may be co n v erted  t o  a coum arin su b sta n ce  w ith
prothrom binopen ic p r o p e r t ie s  by b a c t e r ia l  a c t io n  in  th e  
i n t e s t i n a l  t r a c t .  Tarnoky and S te in g o ld  (1951) have shown 
th a t  P .A .S . (P -a m in o s a lic y lic  a c id )  caused  a d e f i n i t e  lo w er ­
in g  o f  prothrom bin l e v e l s  as determ ined by a o n e -s ta g e  
tech n iq u e  on d i lu t e d  p lasm a. T h is e f f e c t  was p a r t ly  r e ­
v e r se d  by s tr e p to m y c in . A s im ila r  e x p la n a tio n  t o  th a t  o f
Jaques and Lepp (1947) cou ld  o p e r a te .
1 !
A l l  the in v e s t ig a t io n s  o f  in  v iv o  s a l i c y l a t e  e f f e c t s  
were c a r r ie d  out by  o n e -s ta g e  te c h n iq u e s . The use  o f  w hole  
plasm a was found by most w orkers ( e .g .  L ink 1943) t o  be  
r e l a t i v e l y  in s e n s i t iv e  to  th e  degree  o f  change produced by  
s a l i c y l a t e  so  th a t  1 2 .5  p er  c e n t plasm a has b een  more e x te n ­
s i v e l y  s tu d ie d .
SALICYLATE THERAPY
R e s u lt s .
F a c to r  V II and P rothrom bin .
The p a t ie n t s  s tu d ie d  were on P.A .S .  (w ith  strep to m y c in )  
fo r  th e  trea tm en t o f  pulmonary tu b e r c u lo s is  or on sodium  
s a l i c y l a t e  fo r  rheum atoid a r t h r i t i s  or acu te  rheum atism .
The mean r e s u l t s  where b o th  fa c to r  V II and prothrom bin were 
e s t im a te d  are shown in  f ig u r e  /(^7 and T able Z o  . The de­
t a i l s  are g iv e n  in  th e  appendix pages 9 4 1 - 7 5 9 .
F igu re (109)
F ig u re  (109)
Prothrom bin a id  fa c to r  V II c o n c e n tr a t io n s  in  
s a l i c y l a t e  th erap y  and s t e a to r r h o e a .
O rdinate -  p ercen ta g e  prothrom bin and f a c to r  V II .
Percentage 
l o o ‘ Salic. Steat.
Normal
80-
60-
40-
20-
n
V\
A
■ prothrombin 
S  factor  vii
- N O ­
TABLE 20
Normal S a l i c y la t e
30 o b se r v a t io n s  F a cto r  VII 100% 70$
Prothrombin 100$ 81$
Q uick1s one-
s ta g e  t e s t 100$ 89$
The area  method o f prothrom bin a ssa y  cou ld  be a p p lie d  as i t
was shown th a t  th e  an tith rom b in  co n ten t o f  th e  normal and
th e  s a l i c y l a t e  c a se s  was s im ila r .  In a few  r e s u l t s  th e
corresp on d in g  b lo o d  s a l i c y l a t e  l e v e l  was e s t im a te d .
Case o f s a l i c y l a t e  overd osage
T h is was a g i r l  o f  15 y ea rs  t r e a te d  by h er  p r a c t i t io n e r  
w ith  180 g r .  o f sodium s a l i c y l a t e  d a i ly  f o r  5 days a t  th e  
end o f  w hich tim e she was ad m itted  to  h o s p ita l  w ith  symptoms 
o f s a l i c y l i s m .  There were d e f i c i e n c i e s  o f  prothrom bin
and f a c t o r  VII and th e  p ro g ress  o f th e s e  on sto p p in g
s a l i c y l a t e s  are  shown in  f ig u r e  n o  .
D e fe c t iv e  serum r e a c tio n  in  th e  th rom b op lastin  g e n e r a tio n  
tech n iq u e  '
T h is was s tu d ie d  in  a p a t ie n t  w ith  a c u te  rheumatism  
during th e  th ir d  week o f  trea tm en t w ith  f u l l  d o ses  o f  sodium  
s a l i c y l a t e .  The r e s u l t s  were a e  f o l lo w s : -
F igu re  (110)
R ecovery o f  prothrom bin and f a c to r  V II  
su b seq u en t to  c e s s a t io n  o f  s a l i c y l a t e  o v erd o sa g e .
O rdinate -  p ercen ta g e  prothrom bin and f a c t o r  V II . 
A b sc is sa  -  tim e  in  d a y s .
Arrow in d ic a t e s  d a te  o f  w ith d raw al o f  
s a l i c y l a t e .
Percentage
.---factor vii100-
80-
prothrombin
60-
40-
2 0 -
Time in days
- 3  2 f ~
(1 )  (2 ) (3 )  (4 )  (5 ) (6 )
Normal a d s . plasm a  
Normal serum 42 30 12 9 9 9
P a t ie n t  a d s . plasm a  
Normal serum 45 32 12 9 9 9
Normal a d s . plasm a  
P a t ie n t  serum 50 34 17 14  13 14
Normal 1 5 ”
P a t ie n t  22”
D indevan 2 1 ”
M ixture o f  P a t ie n t  and D indevan = 2 1 ”
Comment -  in  a d d it io n  to  th e  d e f ic ie n c y  o f  prothrom bin and 
fa c to r  V II th e re  i s  a serum th r o m b o p la stin  d e f e c t .  The 
s a l i c y l a t e  d e f e c t  has th e  same fe a tu r e s  as t h a t  produced by  
the coum arin d ru g s .
S te a to r r h o e a .
R e s u l t s .
U sin g  th e  same te c h n iq u e s  th e  b lo o d  o f  p a t ie n t s  w ith  
id io p a t h ic  s te a to r r h o e a  was exam ined. Many o f  th e s e  were 
a d u lt  e a s e s  o f  s te a to r r h o e a  under o u t -p a t ie n t  s u r v e i l la n c e  
f o r  th a t c o n d it io n . These p a t ie n t s  were under th e  care  o f  
P r o fe sso r  L . J .  W itts  and Dr. J .  Badenoch o f th e  N u f f ie ld  
Departm ent o f  M edicine a t  th e  R a d c l i f f e  In fir m a ry , O xford.
A l l  were proved c a se s  o f  m a la b so rp tio n , h avin g  had f a t  b a la n ce  
exam in ation s a s  in - p a t ie n t s  on p r e v io u s  a d m iss io n s . None
- 3 Z Z -
were r e c e iv in g  a n y  supplem ents o f v ita m in  K . I t  w i l l  be 
seen  th a t  here a l s o  th e r e  was d e p r e ss io n  b oth  o f  fa c to r  V II 
and p roth rom b in .(T ab le  2 l  ) and^P ig . /o? ) .  The e x te n t  o f  th e  
d e p r e s s io n  o f  th e s e  fa c t o r s  was n ot g r ea t and t h i s  e x p la in s  
why Quick f s  o n e -s ta g e  c lo t t in g  tim e was so  o f t e n  w ith in  normal 
l i m i t s .  In  a fu r th e r  s e r i e s  o f  th e se  c a se s  ( s e e  appendix  
page ) th e  prothrom bin on ly  was e s t im a te d .
TABLE Z t
Normal
F a cto r  V II 100#
12 o b se r v a t io n s  Prothrom bin 100#
Q u ick ’s on e-
s ta g e  t e s t  100$
Haemorrhagic s t a t e s  from ”hypoprothrom binaem ia!f in  th e
flu
m a la b so rp tio n  syndrome have been  r e p o r te d , b u tAn atu re  o f  
t h i s  fthypoprothrom binaem ia,f has not been  in v e s t ig a t e d  p r e v ­
i o u s ly .  In  a s e r ie s  o f  t h i r t y - s i x  c a se s  o f  prim ary s t e a t o r r ­
hoea d e sc r ib e d  by A ld ersb erg  and S ch e in  (1 9 4 7 ) , o f  s i x  d ea th s  
haemorrhage was th e  cause in  tw o. There i s  a c e r ta in  u n i­
fo rm ity  in  th e  c l i n i c a l  p ic t u r e .  The o n se t o ccu rs w ith  
dram atic su d d en n ess. H aem arthrosis, se v er e  h aem atem esis, 
e p i s t a x i s ,  haem aturia and m elaena are  common p r e se n t in g  
symptoms. Large subcutaneous haematomata u s u a l ly  on the  
back or o th er  s i t e s  o f  p r e ssu r e  have b een  d e sc r ib e d . In ­
t r a c t a b le  haemorrhage occu rs from sk in  wounds and th e  gums
S te a to r r h o e a
77#
90#
95#
may b le e d  a f t e r  s l i g h t  trauma (Kark e t  a l  1 9 4 0 ) .
Two p a t ie n t s  w ith  s te a to r r h o e a  and a very  se v e r e  
haem orrhagic s t a t e  have been s e e n . In  one o f  t h e s e ,  t h i s  
c o m p lic a tio n  was f a t a l .
R .0 .  -  m a le , aged 20 y e a r s ,  December 1 9 5 0 . T h is you th  
had b een  d iagn osed  a s a c a se  o f  s te a to r r h o e a  s in c e  th e  age  
o f  13 y e a r s  when th e  c o n d it io n  p r e se n te d  w ith  d ia r r h o e a . He 
was f i r s t  seen  in  P r o fe sso r  D a v is ' wards a t  th e  age o f  17 
y e a rs  com p lain in g  o f  p a in s  in  th e  low er  lim b s p a r t i c u la r ly  
around th e  knees and a n k le s . P at b a la n ce  s t u d ie s  r e v e a le d  
d e f e c t iv e  f a t  a b so r p tio n  - th e  f ig u r e  b e in g  90$  a b s o r p tio n .  
R a d i© lo g ic a lly  th e  bones showed o s te o p o r o s is  and r a c h i t i c  
changes and he had a f l a t  g lu c o se  to le r a n c e  c u r v e . R a d io l­
o g ic a l  exam in ation  o f  the sm a ll bow el showed a c h a r a c t e r i s t i c  
d e f ic ie n c y  p a t t e r n . Subsequent to  t h i s  a d m issio n  he had a 
fu r th e r  one on accou n t o f  an acu te  p s y c h o s is .  Three days  
b e fo r e  h i s  d ea th  he a tten d e d  as an o u tp a t ie n t  com p la in in g  o f  
p a in s  in  th e  l e g s .  At th a t  tim e h is  haem oglobin was 8 5 $ .
The day b e fo r e  h i s  ad m ission  and d ea th  he d evelop ed  e p i s t a x i s  
and was ad m itted  in  ex trem is  w ith  a Hb o f  1 6 $ . H is o n e -s ta g e  
'prothrom bin tim e  was over 10 m inu tes and h is  w hole b lo o d  
c o a g u la t io n  tim e over one h ou r. He d ie d  w ith in  two hours o f  
a d m issio n  d e s p ite  b lood  tr a n s fu s io n  and in tr a v en o u s  s y n k a v it .
A .E . (aged 5 7 ) ,  June 1 9 5 6 . T h is p a t ie n t  was ad m itted  
under D r. W rig h t’s care in  th e  R oyal In firm a ry , G lasgow . The 
im m ediate cause o f  ad m iss io n  was an e x te n s iv e  sp ontan eou s  
haematoma o f th e  l e f t  arm. She had p r e v io u s ly  b een  in  h o s ­
p i t a l  on tw o o c c a s io n s  - f i v e  y ea rs and two y ea rs  b e fo r e  th e  
p r e se n t  a d m iss io n , and had b een  d iagn osed  as a c a se  o f  
s te a to r r h o e a , th e  d e f e c t iv e  f a t  a b so r p tio n  h av in g  b een  dem­
o n s tr a te d . T hese ad m ission s had been  on accou n t o f  anaem ia, 
te ta n y  and a d is se m in a te d  n e u r o lo g ic a l  l e s i o n .
B lood  withdrawn on th e  r e c e n t  ad m ission  and exam ined  
gave th e  fo l lo w in g  f i n d in g s :-
Whole b lo o d  c o a g u la t io n  tim e 3 hours +
Prothrom bin consum ption t e s t  method o f  D ouglas and B ig g s  1953  
s in g le  specim en examined a t  one hour *.
-  one hour specim en — 100$  prothrom bin.
On th e  th r o m b o p la stin  g e n e r a t io n  tech n iq u e  th e  serum was 
unable t o  c o r r e c t  th e  d e fe c t  in  C hristm as d is e a s e  serum -  s e e  
f ig u r e  m  . The plasm a was unable t o  c o r r e c t  th e  d e f e c t iv e  
prothrom bin consum ption o f C hristm as d is e a s e  plasm a (se e  
f ig u r e  H Z  ) .  In traven ou s a d m in is tr a t io n  o f  v ita m in  Kq. (50 rag 
r e s u lt e d  in  c o r r e c t io n  o f the d e fe c t  in  24 h o u rs .
(method ( 2 ) ) .
One
+ J./J.O n o r . serum
+ l / l O  a d s . n o r . plasm a

F a ilu r e  o f  serum in  v ita m in  K d e f ic ie n c y  to  
c o r r e c t  the th ro m b o p la stin  d e f e c t  in  C hristm as 
d is e a s e  serum.
O rdinate -  p e r ce n ta g e  th r o m b o p la s tin .
A b sc is sa  -  tim e  in  m in u tes a f t e r  a d d it io n  
o f  c a lc iu m .
T hrom boplastin  g e n e r a t io n  tec h n iq u e  w ith  
normal adsorbed  plasm a and p l a t e l e t s  c o n s ta n t  -  
serum v a r ia b le .
e -------c n orm al.
0 ------ 0 v ita m in  K d e f i c i e n t .
• -------•  C h ristm as.
50% m ixtu re  o f  C hristm as and v ita m in  K
d e f i c i e n t .
- ©
5
time in minutes
F a ilu r e  o f  serum in  v ita m in  K d e f ic ie n c y  to  
c o r r e c t  the th ro m b o p la stin  d e f e c t  in  C hristm as 
d is e a s e  seruin.
O rd inate -  p e r ce n ta g e  th r o m b o p la s t in .
A b sc is sa  -  tim e  in  m in u tes a f t e r  a d d it io n  
o f  c a lc iu m .
T h rom bop lastin  g e n e r a t io n  tec h n iq u e  w ith  
normal adsorbed  plasm a and p l a t e l e t s  c o n s ta n t  -  
serum v a r ia b le .
e -------•  norm al.
0 ------ 0 v ita m in  K d e f i c i e n t .
• -------•  C h ristm as.
50% m ixtu re  o f  C hristm as and v ita m in  K
d e f i c i e n t .
lOO-
80-
60-
40
2 0 -
65432
time in minutes
F ig u re  (112 )
F a i l u r e  o f  v i t a m i n  IC d e f i c i e n t  p la s m a  t o  c o r r e c t
t h e  d e f e c t i v e  p r o th r o m b in  c o n s u m p t io n  o f  C h r is tm a s
d i s e a s e  p la s m a .
O rdinate -  c l o t t i n g  tim e o f  f ib r in o g e n .
A b sc is sa  -  tim e in  m in u tes a f t e r  a d d it io n  o f  
ca lc iu m .
T h is  f ig u r e  shows th e  prothrom bin consum ption  
over one hour o f  r e c a l c i f i e d  C hristm as d is e a s e  p lasm a, 
a lon e  and w ith  a d d it io n s  o f  norm al plasm a and o f  
v ita m in  & d e f i c i e n t  p lasm a.
clotting time in seconds
X xmas 
o + p a tie n t
2 0 -
3 a
40-
50-
60-
70-
80-
90-
+ normal
time in minutes
Kark e t  a l  (1940) concluded from t h e i r  own case  and 
from th o se  in  th e  l i t e r a t u r e  th a t  th e  haem orrhagic hypopro- 
throm binaem ia appears in  s te a to r r h o e a  on ly  a f t e r  p ro lon ged  
treatm en t w ith  alm ost com plete r e s t r i c t i o n  o f  f a t t y  f o o d s .
Such low f a t  d ie t s  may he r e l a t i v e l y  d e f i c i e n t  in  th e  in ta k e  
o f  v ita m in  K and t h i s  lo n g  con tin u ed  r e s t r i c t i o n  i s  co n sid er ed  
by Kark e t  a l  (1940) to  be an im portant a e t i o l o g ic a l  f a c to r  
in  th e  p ro d u ctio n  o f  ,thypoprothrom binaem iaf, in  th e se  c a s e s .  
Such p a t ie n t s  have not on ly  d i f f i c u l t y  in  b a c t e r ia l  s y n th e s is  
bu t t h e i r  in ta k e  o f  th e  v ita m in  may be r e l a t i v e l y  r e s t r i c t e d  
and t h i s  may som etim es be th e  p r e c ip i t a t in g  fa c to r  r e s u l t in g  
in  haem orrhage. T h is i s  su pported  by the ev id en ce  o f  o th e r s  
th a t  the o r a l a d m in is tr a t io n  o f  v ita m in  K has b een  e f f i c a c io u s  
in  c o n tr o l l in g  the haem orrhagic symptoms and producing an 
in c r e a se  in  prothrom bin c o n c en tr a tio n  (Kark e t  a l  1940 , 
A lb r ig h t  and Stew art 1947 , A lle n  1 9 4 1 ) .
Comment: The c o a g u la t io n  d e fe c t  in  s te a to r r h o e a  i s  o f
d e f i c i e n c i e s  o f  f a c to r  V II and prothrom bin. The serum i s  
d e f e c t iv e  in  i t s  a b i l i t y  to  form th rom b op lastin  and f a i l s  t o  
c o r r e c t  th e  abnorm ality  in  C hristm as d is e a s e  serum . The 
plasm a i s  unable t o  r e c t i f y  the d e f e c t iv e  prothrom bin con­
sum ption o f  C hristm as d is e a s e  p lasm a. T h is r e p r e se n ts  e v i ­
dence o f  Christm as f a c t o r  d e f ic ie n c y  In  a d d it io n  to  th e  
low ered  c o n c e n tr a tio n  o f  f a c to r  VII and prothrom bin.
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N u t r i t i o n a l  v i ta m in  K d e f i c i e n c y
A p a t i e n t  w ith  i n t e s t i n a l  o b s t r u c t i o n  was operated  upon 
f o r  sm a l l  bowel o b s t r u c t i o n  and was t h e r e a f t e r  on c o n t in u ou s  
g a s t r i c  and i n t e s t i n a l  dra inage  w i th  a d m i n i s t r a t i o n  o f  i n t r a ­
venous f l u i d s  f o r  s e v e r a l  days b e fo re  the specimens were 
c o l l e c t e d  f o r  a s se s sm e n t  o f  the c o a g u l a t io n  mechanism.
There was no e v id e n c e  o f  haemorrhagic phenomena.
I n v e s t i g a t i o n  o f  c o a g u l a t io n  abn orm a l i ty .
Q uick’ s t e s t .  C ontro l  1 6 ” P a t i e n t  2 3 M 
p l u s  1 /1 0  normal serum 1 7 ”
K
p l u s  l / l O  adsorbed plasma 2 3 ”
Prothrombin c o n t e n t  by g l o b u l i n  
f r a c t i o n  techn iqu e  = 68$
Thromboplast in  g e n e r a t io n  t e s t .
Normal adsorbed plasma  
P l a t e l e t s (1) (2) (3) (4) (5) (6)
Normal serum 17 10 10 10 9 10
P a t i e n t  serum 25 15 14 15 15 16
R e s t o r a t io n  o f  t h e s e  a b n o r m a l i t i e s  was found 24 hours  
a f t e r  the  in tr a v e n o u s  a d m i n i s t r a t i o n  o f  50 mg. v i ta m in  K^.
~ 3 2 7 ~
S U M M A R Y
Newborn;
The H hyp op r  o th r  omb in a  em i  a n in  th e  newborn i s  due to  a 
d e f ic ie n c y  b oth  o f  fa c to r  V II and prothrom bin}w ater s o lu b le  
v ita m in  K g iv e n  to  the in f a n t ,  though n o t produ cin g  normal 
l e v e l s  o f  th e s e  c o a g u la t io n  f a c to r s  p r e v e n ts  the d e f ic ie n c y  
w hich i s  norm ally  p r e se n t  on the th ir d  day .
In  one ca se  o f  haem orrhagic d is e a s e  o f  th e  newborn i t  
h as been  shown t h a t  th ere  was a marked d e f ic ie n c y  o f  f a c t o r  V II  
and prothrom bin and an i n a b i l i t y  o f  the serum to  form b lo o d  
th rom b op lastin  n orm ally . The serum was unable to  c o r r e c t  
th e  serum th ro m b o p la stin  d e fe c t  in  Christm as d is e a s e .
S a l i c y la t e  T herapy.
There i s  a d e f ic ie n c y  o f  fa c to r  VII and prothrom bin and 
the serum does not form th rom b op lastin  n orm ally .
S te a to r r h o e a .
The ’'hypoprothrombinaemia*1 i s  a d e f ic ie n c y  o f  f a c to r  V II  
and prothrom bin. The serum th rom b op lastin  a c t i v i t y  i s  a ls o  
abnormal and ev id en ce  i s  p r e sen ted  th a t  t h i s  i s  due to  d e f ic ie n c y  
o f  C hristm as f a c t o r .
N u tr it io n a l  v ita m in  K d e f i c i e n c y .
The d e fe c t  here a ls o  I s  a d e f ic ie n c y  o f  fa c to r  V II and p r o ­
throm bin and a f a i lu r e  o f  the serum t o  form b lo o d  throm boplas t in  
n orm ally .
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CHAPTER **
COAGULATION DISTURBANCE IN LIVER DISEASE
In  t h i s  ch ap ter  an account i s  g iv e n  o f  th e  d is tu r b a n c e s  
o f  b lo o d  c o a g u la t io n  a r is in g  in  o b s tr u c t iv e  ja u n d ice  and in  
ch ro n ic  parenchym atous d is e a s e  o f  th e  l i v e r  (h e p a t ic  c i r r h o s i s ) .
OBSTRUCTIVE JAUNDICE.
F iv e  p a t ie n t s  were s tu d ie d ;  th e  v ita m in  K d e f ic ie n c y  
was proven  by the su bseq uent resp o n se  to  th e  in tr a v en o u s  ad­
m in is t r a t io n  o f  50 mg. o f  v ita m in  K^. The d e t a i l s  o f  t h i s  
resp o n se  t o  v ita m in  th erap y  are  g iv e n  in  C hapter .
A .L . T h is p a t ie n t  had h er  common b i l e  du ct a c c id e n t ­
a l l y  l i g a t e d  during a c h o le c y s te c to m y . In  a d d it io n  to  th e  
o th er  e f f e c t s  o f  an o b s tr u c t iv e  jau n d ice  she had s t e a to r r h o e a .
There were no haem orrhagic phenomena and th e  p ro lo n g ed  one-
s ta g e  c lo t t i n g  tim e was observed  during th e  r o u t in e  a s s e s s ­
ment o f  th e  p a t i e n t . The resp o n se  to  v ita m in  In  t h i s  
p a t ie n t  i s  d e sc r ib e d  in  Chapter . For th e  p r e se n t  a d e ­
s c r ip t io n  o f  th e  c o a g u la t io n  d e fe c t  i s  g iv e n : -
Q u ick ’s o n e -s ta g e  t e s t . Normal 1 6 ff p a t ie n t  2 5 ” .
P a t i e n t ’s plasm a + l / l O  p a r t adsorbed
normal p lasm a = 2 5 ft
P a t ie n t ' s  plasm a + l / l O  p a r t normal
serum  = 2 1 ”
P l a t e l e t  count = 2 5 0 ,0 0 0 .
Re c a l c i f i c a t i o n  tim e normal 2%* ; 3 f
p a t ie n t  2&f ; 2 - |!
Prothrom bin co n ten t by
g lo b u lin  f r a c t io n  tech n iq u e  » 64$ .
T hrom boplastin  g e n e r a t io n  t e s t .
(1 )
Normal adsorbed  plasm a 17
Normal P la t e l e t s  
Normal serum
Normal adsorbed plasm a 55
Normal P la t e l e t s  
P a t ie n t  serum
P a t ie n t  adsorbed  plasm a 40
Normal P l a t e l e t s  
Normal serum
(2 )
9
35
(3 )
10
35
8
(4 )
32
( 5 )
8
32
( 6 )
9
32
To t e s t  a b i l i t y  t o  
c o r r e c t  C hristm as 
d is e a s e  serum on 
th ro m b o p la stin  
g e n e r a t io n .
Normal adsorbed  plasm a  
P l a t e l e t s  ■'
Serum 0 .2  C hristm as 
serum
w ith  0 .1  o f  o th er
se r a (1 ) (2 ) (3) (4 ) (5 ) (6 )
Normal 10 9 8 9 9 9
P a t ie n t 57 40 28 30 25 22
Dindevan 60 32 28 29 30 30
(from p a t ie n t  who had been  s e v e r a l  weeks on treatm ent
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w ith  d indevan and a t a tim e when th e  one s ta g e  
t e s t  was 4011 a g a in s t  a c o n tr o l o f  15” .
C o n clu s io n : I n a b i l i t y  to  c o r r e c t  C hristm as d is e a s e  serum .
Comment:
T h is  p a t i e n t ’s c o a g u la t io n  d e fe c t  had th e  fo l lo w in g  
f e a t u r e s :
(1 ) D e f ic ie n c y  o f  prothrom bin.
(2 )  11 *  f a c to r  V II .
(3 ) I n a b i l i t y  o f  th e  serum to  form th ro m b o p la stin  and
t o  c o r r e c t  th e  d e fe c t  o f  C hristm as d is e a s e  serum  
in  t h i s  r e s p e c t .
T h is i s  an i d e n t i c a l  d e fe c t  to  th a t  in  d indevan th era p y .
The im m ediate resp on se  o f  th e s e  a b n o r m a lit ie s  t o  th e  ad m in is­
t r a t io n  o f  v ita m in  i s  d e sc r ib e d  in  Chapter 2 .^  .
P a t ie n t  w ith  o b s tr u c t iv e  .jau n d ice .
Female p a t ie n t  aged 61 y ea rs  w ith  o b s tr u c t iv e  jau n d ice  
o f  2 w eek s' d u r a tio n . No haem orrhagic phenomena. R esponse  
to  v ita m in  K-^  i s  d e sc r ib e d  in  th e  app en d ix .
I n v e s t ig a t io n  o f  c o a g u la tio n  d e f e c t .
Q.ulck’s o n e -s ta g e  t e s t .
P a t ie n t  33 M C on tro l 1 5 ”
Prothrom bin a ssa y  by g lo b u lin  
f r a c t io n  te c h n iq u e .
P a t ie n t  22n C on tro l 1 0 ”
Prothrom bin = 45$ .
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T hrom boplastin  g e n e r a t io n  te c h n iq u e .
(1 ) (2 ) (3 ) (4 ) (5) (6
Normal adsorbed  plasm a  
P l a t e l e t s  c o n sta n t
Normal serum 11 8 8 9 9 9
P a t ie n t  serum 65 33 18 13 13 12
C hristm as serum 93 41 38 31 25 24
1 2 .5 $  Normal serum 12 9 9 10 10 10
•in  C hristm as serum
1 2 .5 $  P a t ie n t  serum 72 20 14 16 16 16
in  C hristm as serum
P a t ie n t  w ith  o b s tr u c t iv e  jau n d ice  due to  carolnom a o f  
th e  head o f  th e  p a n c r e a s . V itam in  K-^  s tu d ie s  on t h i s  p a t ie n t  
are d e sc r ib e d  l a t e r .  E vidence o f  o b s tr u c t io n  had o n ly  been  
p r e se n t  f o r  10 days p r io r  to  t h i s  in v e s t ig a t io n .  There was 
no ev id en ce  o f  any haem orrhagic phenomena.
I n v e s t ig a t io n  o f  c o a g u la t io n  d e f e c t .
Q u ick C  t e s t . P a t ie n t  35!t. C on tro l 1 5 ri
Prothrom bin a ssa y
fev g lo b u lin  f r a c t io n  te c h n iq u e .
P a t ie n t  20 f*. C on tro l 10R
= 50$ prothrom bin .
T h r o m b o p la s t in  g e n e r a t i o n  t e c h n i q u e *
(1 ) (2 ) (3) (4 ) (5 ) (6 )
Normal adsorbed  plasm a
P l a t e l e t s
Normal serum
8 10 9 9 9 i 9 i
Normal adsorbed plasm a
P l a t e l e t s
P a t i e n t ’s serum
44 20 15 15 16 16
Normal adsorbed  plasm a  
P l a t e l e t s  w ith
C hristm as serum 40 40 30 34 28 30
75$  C hristm as serum) 
25$ Normal serum ) 14 11 11 10 11 11
75$  C hristm as serum) 
25$ P a t ie n t  serum ) 48 31 27 26 26 28
D indevan serum 40 42 40 42 39 40
50$ C hristm as serum) 
50$ D indevan serum ) 36 30 26 28 30 28
50$  C hristm as serum) 
50$  P a t ie n t  serum ) 70 38 26 22 20 20
F a cto r  V I I .
O n e-stage  tech n iq u e •
D indevan plasm a 30*
P a t ie n t  plasm a 35**
50$ m ixture 36 tt
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P a t ie n t  w ith  o b s tr u c t iv e  jau n d ice  a s a consequ en ce o f  
H odgkin’s d i s e a s e .  No haem orrhagic phenomena.
I n v e s t ig a t io n  o f  c o a g u la t io n  d e f e c t .
Q u ick ’s t e s t . P a t ie n t  31tf.
Prothrom bin a ssa y  by
glofoulin . f r a c t io n  tech n iq u e
= 45$ prothrom bin .
C on tro l 1 5 w.
Normal adsorbed  plasm a
P l a t e l e t s
Normal serum
Varied as fo l lo w s
P a t ie n t  serum
C hristm as serum
50$ C hristm as serum) 
50$ Normal serum )
50$ C hristm as serum) 
50$ P a t ie n t  serum )
(1 ) (2 ) (3 ) (4 ) (5 ) (6
80 33 10 10 10 11
90 80 65 40 22 15
66 46 60 45 32 32
18 10 10 11 10 11
65 16 14 16 15 18
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PARENCHYMATOUS LIVER DISEASE.
R e s u l t s .
In  a s e r i e s  o f  16 c o n se c u t iv e  c a s e s  o f  l i v e r  d is e a s e  
ad m itted  to  P r o fe sso r  D a v is ’ wards in  th e  R oyal In fir m a ry , 
G lasgow , a d e t a i le d  a ssessm en t o f  th e  c o a g u la t io n  mechanism  
was made. The r e s u l t s  are shown in  T ab le 2Z .  .
In  a fu r th e r  8 p a t ie n t s  se en  in  th e  R a d c l i f f e  In fir m a r y , 
O xford, during 1951-52  and s u f f e r in g  from h e p a t ic  c ir r h o s i s  
th e  fa c to r  V II and prothrom bin o n ly  were e s t im a te d . The 
r e s u l t s  are shown in  T ab le Z 5  .
Comments.
F a cto r  V II and prothrom bin: B oth th e se  f a c t o r s  were
u s u a l ly  d e f i c i e n t ,  th e  f a c t o r  V II in  g e n e ra l t o  a g r e a te r  
e x te n t  th a n  th e  prothrom bin. O c c a s io n a lly  th e  d e f ic ie n c y  
o f  prothrom bin was g r e a te r  th an  th e  r e d u c tio n  in  the con cen ­
t r a t io n  o f  fa c to r  V II . Parenchym atous l i v e r  d is e a s e  was th e  
on ly  example o f  ,lhypoprothrom binaem iaff where t h i s  r e v e r s a l  
o f  th e  order o f  g r e a te r  d e f ic ie n c y  was foun d . In  a l l  o th e r  
c o n d it io n s  th e  d e f ic ie n c y  o f  fa c to r  V II was g r e a te r  than  th e  
r e d u c tio n  o f  prothrom bin. T h is o b se r v a t io n  has a l s o  b een  
made by Donald e t  a l  (1954) and Hunter and W alker (1 9 5 5 ) .
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TABLE 2 2
Case D ia g n o s is
B le e d ­
in g
Time
C lo t t ­
in g
Time
H ess t e s t
P l a t e l e t
count
(thousands
cu.mm.)
A.H.G.
a ssa y
%
ChriatiPj
assay
%
( i ) C ir r h o s is 3 8 p o s i t i v e 97 100 100
(2 ) C ir r h o s is 3 8 n e g a t iv e 88 100 50
(3 ) O b str u c tiv e
Jau n d ice
B i l i a r y
C irrhosis
2  1 10 p o s i t i v e 46 100 2
(4 ) C ir r h o s is 4 14 n e g a t iv e 149 100 100
(5 ) C ir r h o s is 2 10 n e g a t iv e 224 75 100
(6 ) C ir r h o s is
( B i l ia r y )
3 5 n e g a t iv e 440 100 100
(7 ) C ir r h o s is 3 9
_
n e g a t iv e 156 100 50
(8 ) I n f e c t iv e
h e p a t i t i s 3 8 n e g a t iv e 225 100 20
(9 ) C ir r h o s is 2 10 n e g a t iv e 275 100 100
(1 0 ) C ir r h o s is 3 12 n e g a t iv e 346 100 100
(1 1 ) O b str u c tiv e
ja u n d ice
neoplasm
2 5 ! n e g a t iv e 164 100 15
(1 2 ) I n f .H e p a t i t i s 3 5 n e g a t iv e 204 100 25
j
(1 3 ) Carcinoma o f  
stom ach w ith  
h e p a t ic  m eta- 
s t a s e s
2 7 n e g a t iv e 201 100 ; 75
(1 4 )
(15)
(1 6 )
C ir r h o s is
C ir r h o s is  
U n exp la in ed  
hepatom egaly  
?m y e lo f ib r o s is
4
17
3 f
6
11
8
n e g a t iv e
n e g a t iv e
n e g a t iv e
120
243
237
100
100
100
100 
! 100
100
= no l y s i s  
t  = l y s i s  p r e s e n t .
itjlFactor V II 
r assay
(•;: *
F a cto r  V 
a ssa y  
%
Prothrom bin j 
a ssa y  
%
F ib r in o g en
a ssa y
F ib r in o ly t i c  
a c t i v i t y  
6 h r s .
C atubes 
Thrombin 
Tubes 
24 h r s .
)0 10 5 i 60
---- 4-
■H-f-f-
>0 6
j
50 44
+ + ■* *
+ 4* 4* ♦*
2 0 12 13
------ ------
XI 25 6 80
---- 4 4* 4* 4 4* 
*■* +• +*
10 12 35 69 : : : :
+ + +■4* 
- -  + +
10 ’ 50 100 95 ------
— -  +
iO 25 35 42 189 mg.
•*>++* ♦ t 4* +
■#■4-4*4
10 12 30 65
10 12 50 50
-
■ +++■♦--++
10 40 100 80
— +
+ #•♦ +
15 12 100 100 ------ j
>5 25 25 48 206 mg.
--■++ j
r5 20 35 95
J
10 25 
10 6
1
10
10
95
64 206 mg.
j
i _
+ 4rt
■++ -t *■
10 40 45 95
— — — — - -  -4- +
— — T
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1
0 3
0 : V
m  wbi
0 6
08
30
03
TABLE ^ 3
Observation ^uiek %  VII %  Prothrombin %
1 w ith in
normal
l i m i t s
24 45
2 44 69
3 it 65 43
4 38 55 20
5 w ith in
normal
l i m i t s
100 32
6 30 64 33
7 w ith in
normal
l i m i t s
100 60
8 25 62 52
45 64 45
F a cto r  V -  T h is  was fr e q u e n tly  d e f i c i e n t  b u t n o t so  con­
s t a n t ly  a s  was th e  fa c t o r  V II . D e f ic ie n c y  o f  fa c to r  V has  
b een  ob served  p r e v io u s ly  by Owren (1949) and S t e f a n in i  (1950)  
in  parenchym atous l i v e r  d i s e a s e .
C hristm as f a c t o r : There was o f te n  a d e f ic ie n c y  o f  th e
C hristm as fa c t o r  b u t t h i s  was n ot so  co n sta n t nor o f  th e  e x te n t  
o f  th e  d e f ic ie n c y  o f  f a c t o r  V I I .
A n tih a em o p h illc  g lo b u l in : I t  i s  o f  i n t e r e s t  th a t  th e
• 5 4  /~
c o n c e n tr a t io n  o f  t h i s  f a c t o r  was normal th rou gh ou t th e  
s e r i e s  o f  p a t i e n t s .
P l a t e l e t s : In  th r e e  o f  th e  p a t ie n t s  th e r e  was a p p r e c i­
a b le  throm b ocytop en ia .
F i b r i n o l y s i s . There was c o n s id e r a b le  a c t iv a t io n  o f  
th e  f i b r i n o l y t i c  mechanism in  ch ro n ic  h e p a t ic  c i r r h o s i s ,  
l e s s  so  in  i n f e c t i v e  h e p a t i t i s  and a lm ost ab sen ce o f  a c t i v ­
i t y  i n  o b s tr u c t iv e  ja u n d ice  (se e  f ig u r e  f f 3 ) .  The numbers 
o f  c a se s  are to o  sm a ll t o  perm it o f  any f i n a l  c o n c lu s io n s .  
T h is a c t iv a t io n  o f  f i b r i n o l y s i s  in  ch ro n ic  h e p a t ic  d is e a s e  
was f i r s t  r e p o r te d  by G oodpasture in  1 9 1 4 .
CASE REPORT.
T h is  male p a t ie n t  aged 70 was ad m itted  to  h o s p i t a l  un­
c o n sc io u s  . On exam in ation  th e r e  was e v id en ce  o f  m en ingeal 
i r r i t a t i o n  and lumbar puncture r e v e a le d  su b arach ro id  haem orr­
h age . On o th er  p a r ts  o f  the body th ere  were f a i r l y  la r g e  
and numerous haem atomata. He rec o v er ed  c o n sc io u sn e s s  w ith ­
out ev id en ce  o f  r e s id u a l  n e u r o lo g ic a l  damage. D uring th e  
n ext few  w eeks he had numerous spontan eou s b r u is e s  and 
ecch y m o sis . V enepuncture alw ays r e s u l t e d  in  a la r g e  haema- 
toma a t  th e  s i t e .  He became oedematous and s l i g h t l y  i c t e r i c  
and some w eeks a f t e r  a d m iss io n  s lo w ly  d e te r io r a te d  and d ie d .  
Autopsy exam in ation  r e v e a le d  advanced h e p a t ic  c i r r h o s i s .
F igu re  (113)
F ib r in o ly s is  in  L iv er  D is e a s e .
O rdinate -  measure o f  f i b r i n o l y s i s ;  t h i s  
measure i s  o b ta in ed  a s the number o f  throm bin and 
Galcium tu b es  shows l y s i s ,  a t  th e  s p e c i f i e d  
d i l u t i o n s ,  a t  6 h ou rs and 24 h o u rs .
measure of fibrinolysis 
cirrhosis
infective
hepatitis
obstructive 
jau nd ice
3^ +Z~
The r e s u l t s  on th e  in v e s t ig a t io n  o f  t h i s  p a t ie n t  w ere:
Whole b lo o d  c o a g u la t io n  tim e -  1 5 f (very  poor c lo t  fo rm a tio n )  
(Technique (2 )  -  normal range 1 0 f- 2 5 f )
Hess t e s t  -  n e g a t iv e .
B le e d in g  Time (Iv y ) -  5 * .
P l a t e l e t  count -  mean o f  two r e a d in g s  6 3 ,0 0 0 .
R e c a lc i f i c a t io n  Time:
L a ter  o b se r v a t io n  
P a t ie n t  4 ' 4§ ' 1 0 ' 1 1 '
C o n tro l 2 i '  2 f '  l j - '  l £ '
The f i b r i n  formed was v e r y  poor in  th e  p at len t*  s p lasm a. 
I t  c o l la p s e d  to  a t in y  th read y  a f f a i r  when th e  tube was a g i ­
ta te d  and very  q u ick ly  ly s e d  on in c u b a tio n  a t  3 7 °  C.
Q u ick f s on e^ stage t e s t .
P a t ie n t  2 9 M 30n
C on tro l 1 4 tt 1 5 tt
-  a g a in  th e  f i b r in  fo rm a tio n  was v e r y  p o o r .
~3U5-
F actor  V a ssa y  -■ d e f ic ie n c y  e s ta b l is h e d ^ ! 5% o f  norm al.
(1 ) (2 ) (3 ) (4 ) (5 ) (6 )
0 .3  Pro 1 /5
0 .3  S a lin e  f 
0 .3  B ra in  6 4 
0 .3  CaClg
3* + 3 1 + 3 1 4 3* + 3 '4
As above ex cep t  
V in  p la c e  o f
F a cto r  
s a l i n e .
Normal 30* 14# 1 1 ” 11'11 1 2 ,f 1 1 ”
P a t ie n t 3 11 3 14 90** 55” 4011 2 7 ”
J  Normal 3 1 4 44 17 14 12 11
i  Normal 3 f 4 90 50 22 14 13
i  Normal 3*4 3*4 95 72 35 20
1 /1 6  Normal 3 1 + 3 r + 3*4 3* 72 60
F actor  V II a ssa y  - d e f ic ie n c y  r e v e a le d .
D indevan plasm a -  o n e -s ta g e  t e s t 49* .
w ” ” serum
P lu s l / l O  Normal plasm a
(D oubling  
d i lu t io n s  in  
dindevan plasm a)
P lu s  1 /1 0  Normal serum  
(D oubling d i lu t io n s  
in  d indevan plasm a)
s 41
2 35"
s 30" S 100$
s 33" = 5 0 $
= 37" 2 25$
s 42" S 1 2 $
s 44" S 6$
= 45" s 3 $
= 49" s 0$
r 22" ” 100$
= 29" s 50$
r 31" = 25$
2 33" 2 3.2$
s 42" = 6$
= 43" = 3$
49" * 0$
- 3 4  -
Reading the p a t i e n t ’s factor  VII content on t h i s  curve
-  from plasm a curve  
n serum curve
1 5 $
10%
Mean 1 2 .5 $
-  ap p rox im ately  :s  o f  normal c o n c e n tr a t io n .  
Prothrom bin a ssa y  -
by g lo b u lin  f r a c t io n  method = 24#
Normal a d . plasm a  
Normal serum  
P l a t e l e t s
(1 )
45
(2 )
10
(3)
10
(4 )
11
(5 )
10
(6
11
P a t ie n t  ad . p lasm a  
Normal serum  
P l a t e l e t s
10 10 11 11 8 8
Normal ad . plasm a  
P a t ie n t  serum 
P l a t e l e t s
45 35 27 27 28 26
Normal ad . plasm a  
P l a t e l e t s  
50# normal serum  
in
C hristm as serum
11 11 11 11 12 11
33#  " 12 12 11 11 13 12
25% “ 12 12 13 11 11 12
10% 53 23 17 15 17 17
50#  p a t ie n t  serum 24 14 14 15 16 15
In
C hristm as serum
R ev ea ls  -  no d e f ic ie n c y  o f  a n tih a e m o p h ilic  g lo b u l in
d e f ic ie n c y  o f  C hristm as fa c to r  -  
a p p rox im ate ly  10#  o f  norm al.
F ib r in o g en  a ssa y  - 48 mg. p er  c e n t .
F ib r in o ly t ic  a c t i v i t y .
(done a few  days b e fo r e  d ea th  -  a t  a l a t e r  d a te  th an  
th e  o th er  o b s e r v a t io n s )
Calcium  Tubes Thrombin Tubes
1 /1 6  1 /3 2  1 /6 4  1 /1 6  1 /3 2  1 /6 4
P a t ie n t  No f i b r i n  fo rm a tio n .
5 h r s .  ft u w co m p le te ly  ly s e d
15 h r s .  V  " * 11
Normal
5 h r s .  -  -  -
15 h r s .  -  -  +
As above e x ce p t th a t  0 .1  o f  a s o lu t io n  o f  f ib r in o g e n  added  
t o  t e s t  system s and serum u sed  in  p la c e  o f  p lasm a.
Calcium  Tubes
1 /1 6  1 /3 2  1 /6 4
P a t ie n t  Complete l y s i s
a t  5 hours
Normal No l y s i s .
Thrombin Tubes
1 /1 6  1 /3 2  1 /6 4
Com plete l y s i s  
a t  5 hours
No l y s i s .
Standard throm bin.
Thrombin 1 /1  1 /3 l A
Normal 12" 30" 5"
P a t ie n t 3 '+  2 i ' l i 's
1 /3
6 ”
3 U
T h is ab n orm ality  o f  th e  th r o m b in -f ib r in o g e n  r e a c t io n  i s
“  > 3  A '(o~
p robab ly  a m a n ife s ta t io n  o f  f ib r in o g e n  d e f i c i e n c y .
A n tithrom bin  a ssa y  (D ouglas and B ig g s  1 9 5 3 ) .
i«  1 2 3 4 5
P a t ie n t  10” 1 5 ” 1 7 ” 1 9 ” 2 5 ” 3 5 ”
Normal 25” 45” 95” 150” 3 f+ 3 ‘+
A p p aren tly  from t h i s  th e  p a t ie n t  has much l e s s  a n t i -  
throm bin th a n  th e  c o n tr o l .  T h is  a g a in  i s  p rob ab ly  a m ani­
f e s t a t i o n  o f  f ib r in o g e n  d e f ic ie n c y ,  f i b r i n  b e in g  a p ow erfu l 
ad sorb en t o f  throm bin .
Comments: I n v e s t ig a t io n  o f  t h i s  p a t i e n t ' s  h a e m o sta tic
d e fe c t  r e v e a le d  th a t  t h i s  had many f a c e t s .  There was d e ­
f i c i e n c y  o f  prothrom bin , f a c t o r  V I I , C hristm as f a c t o r ,  f a c t o r  
V , f ib r in o g e n  and p l a t e l e t s .  There was a l s o  an abnorm ally  
a c t iv e  f i b r i n o l y t i c  m echanism. The o n ly  c o a g u la t io n  com­
ponent p r e se n t  in  normal c o n c e n tr a tio n  was a n tih a em o p h ilic  
g lo b u l in .
The natu re o f  th e  d iso r d e r  r e s u l t in g  from v ita m in  K 
d e f ic ie n c y  in  o b s tr u c t iv e  jau n d ice  h as e s s e n t i a l l y  th e  same 
f e a tu r e s  a s th e  c o n d it io n s  d is c u s s e d  in  Chapter 13 -  d e f i c ­
ie n c ie s  o f  fa c to r  V II and prothrom bin and im paired  serum 
th ro m b o p la stic  a c t i v i t y  w ith  th e  i n a b i l i t y  o f  t h i s  serum to  
c o r r e c t  th e  d e fe c t  in  C hristm as d is e a s e  serum . The d i s t u r ­
bance w hich a r is e s  in  parenchym atous l i v e r  d is e a s e  i s  o f t e n
much more com plex. There may he d e f i c i e n c i e s  o f  any o f  th e  
c o a g u la t io n  components w ith  th e  p o s s ib le  e x c e p t io n  o f  a n t i -  
h aem op h ilic  g lo b u l in .  To what e x te n t  th e  in c r e a se d  f i b r i n ­
o l y t i c  a c t i v i t y  c o n tr ib u te s  t o  abnormal haemorrhage i s  p rob ­
le m a t ic a l  ;
S U M M A R Y
(1 )  The rfhypoprothrom binaem iaM o f  o b s tr u c t iv e  jau n d ice  i s
caused  by d e f i c i e n c i e s  o f  prothrom bin and fa c t o r  V I I .  
The a b i l i t y  o f  th e  serum to  form b lo o d  th ro m b o p la stin  
i s  red uced  and i t  i s  unable to  c o r r e c t  th e  thrombo­
p l a s t i n  d e fe c t  in  C hristm as d is e a s e .
(2 ) Parenchym atous l i v e r  d is e a s e  can produce d e f i c i e n c i e s
o f  p ro th rom b in ^ factor  V II , C hristm as f a c t o r ,  f a c t o r  
V, f ib r in o g e n  and p l a t e l e t s .  There may a ls o  be an  
abnorm ally a c t iv e  f i b r i n o l y t i c  m echanism .
(3 )  A.H.G. c o n c e n tr a t io n  rem ained normal even  in  p a t i e n t s
dyin g  o f  l i v e r  f a i lu r e  in  ch ro n ic  h e p a t ic  c i r r h o s i s .
(4 )  F ib r in o ly s is  was found to  be v ery  a c t iv e  in  parenchym at­
ous l i v e r  d is e a s e  b u t n o t in  o b s tr u c t iv e  ja u n d ic e .
R E F E R E N C E S
D onald , A .C ., H unter, R .B ., Tudhope, G .R ., W alker, W. and 
W h itton , I .  (1954)
Prothromb in  and haem orrhage.
B r i t .  med. J .  2 , 961 .
H unter, R .B . and W alker, W. (1954)
The c o a g u la t io n  d e fe c t  in  l i v e r  d is e a s e  throm bose and 
e m b o lic . I n te r n a t io n a l  tagung B a se l 1 9 5 4 , page 1 1 6 .
G oodpasture, E.W. (1 9 1 4 ).
F ib r in o ly s is  in  ch ro n ic  h e p a t ic  i n s u f f i c i e n c y .  
John Hopkins Hosp. B u l l .  2 5 , 3 30 .
Owren, P .A . (1 9 4 9 ) .
The d ia g n o s t ic  and p r o g n o s t ic  s ig n i f ic a n c e  o f  plasm a  
prothrom bin and fa c to r  V l e v e l s  in  parenchym atous 
h e p a t i t i s .
Scand. J .  c l i n .  l a b .  I n v e s t .  1; 1 3 1 .
S t e f a n in i ,  M. (1 9 5 0 ) .
Haemorrhagic d ia t h e s i s  o f  l i v e r  d y s fu n c t io n  and ob­
s t r u c t iv e  ja u n d ic e . P roc. I l l r d  C o n g ress , I n te r n .  
S o c . H aem atology. New York, Grune & S tr a t to n ,  1 9 5 1 .
F ig u re  (114 )
i f .  lu r e  (1 1 4 )
I l l u s t r a t i v e  fa m ily  t r e e  in  h a e m o p h ilia .  
P  u n a f fe c te d  m ale .
a f f e c t e d  m ale .
0 fe m a le .
I l l  1  i s  Case (2 )  in  th e  s e r i e s .
IV 1 " Case (9 )  11 " "
□  i  A 6 0 0 6  o
I I I
IV
L i m
F ig u re  (115 )
I l l u s t r a t i v e  fa m ily  t r e e  in  h a e m o p h ilia . 
q  u n a f fe c te d  m a le , 
p  a f f e c t e d  m ale .
0  fe m a le .
I l l  5 i s  Case (1 6 ) in  th e  s e r i e s .
IV 2 i s  Case (6 1 ) i n  th e  s e r i e s .
II
III
I
Ti­
ki) uin
m
IV
F igu re  (116 )
I l l u s t r a t i v e  fa m ily  t r e e  in  h a em o p h ilia  
Q u n a ffe c te d  m ale , 
g  a f f e c t e d  m a le .
0  fem ale
I I  5 i s  Case (6 8 ) in  th e  s e r i e s .
I I  8 i s  Case (8 6 ) in  th e  s e r i e s .
I I I  2 i s  Case (1 9 )  i n  th e  s e r i e s .
jiUUUAj.
m i l  m
F ig u r e  (1 1 7 )
* av
U
- m
' n
P ir i 're  (117 )
I l l u s t r a t i v e  fa m ily  t r e e  in  C hristm as D is e a s e .  
q  u n a f fe c te d  m ale , 
g  a f f e c t e d  m a le .
0  fe m a le .
IV 1 i s  Case 74 in  th e  s e r i e s .
IV 2 “ « 75 11 11 u
XV 7 11 11 76 11 ” 11
om
i 
m
F ig u r e  (1 1 8 )
I l l u s t r a t i v e  fa m ily  t r e e  in  C hristm as D is e a s e .  
' □  u n a f fe c te d  m ale .
B  a f f e c t e d  m a le .
Q fe m a le .
IV 2 i s  Case 5 i n  th e  s e r i e s .
IV 4  " u 50 11 ,f u
V I  11 11 78 11 11 11
A A A
A 1 A A A A A A 1  ii
6 0  DO
IV
(8 ) N e u r o lo g ic a l m a n ife s ta t io n s .
(9 )  O p era tion s.
(10) F r a c tu r e s .
(11 ) M isc e lla n e o u s .
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CHAPTER t s
HAEMOPHILIA AND CHRISTMAS DISEASE 
A c l i n i c a l  stu dy o f  e ig h ty -s e v e n  p a t i e n t s .
The o b je c t  o f  t h i s  chapter i s  to  record  th e  f in d in g s  
o b ta in ed  in  87 c a se s  o f  haem ophilia  or C hristm as d is e a s e  
during a su rvey  o f  the c o n d it io n  in  th e  West o f  S c o tla n d .
A few a s p e c ts  o f  th e  la b o ra to ry  in v e s t ig a t io n s  w i l l  be d e ­
sc r ib e d  b u t i t  was th e  main o b je c t iv e  o f  t h i s  p r e se n t ch ap ter  
t o  r ec o rd  same o f  th e  d e t a i l s  o f  the c l i n i c a l  f e a tu r e s  o f  
th e se  c a s e s .
U n t i l  r e c e n t  years h aem oph ilia  has been  d e fin ed  as a 
c o n s t i t u t io n a l  anomaly o f  b lood  c o a g u la tio n  depending on th e  
h e r e d ita r y  tr a n sm iss io n  o f  a s e x - l in k e d  r e c e s s iv e  t r a i t  and 
h avin g  as i t s  fe a tu r e  a l i f e lo n g  l i a b i l i t y  to  haemorrhage in  
th e  a f f e c t e d  m a les . Many o f  th e  g e n e t ic  and c l i n i c a l  f e a tu r e s  
o f  th e  d is e a s e  have lon g  been r e c o g n ise d . Thus i t  has been  
a c ce p ted  th a t  fem a les are alm ost e x c lu s iv e ly  immune from the  
d is e a s e  bu t capab le  o f  tra n sm itt in g  i t  to  t h e ir  male o f f ­
sp r in g  and th a t  th e  m a n ife st d is e a s e  i s  c h a r a c te r ise d  by th e  
occu rren ce o f  b le e d in g  in  j o in t s  and deep t i s s u e s  e i th e r  spon­
ta n e o u s ly  or fo llo w in g  minor traum a. The tim e-honoured la b ­
o ra to ry  c r i t e r io n  fo r  the d ia g n o s is  o f  h aem oph ilia  i s  a pro­
lo n g a t io n  o f  th e  w hole b lo o d  c lo t t i n g  t im e .
The in v e s t ig a t io n s  d escr ib ed  in  Chapter 5  have thrown 
f r e s h  l i g h t  on our knowledge o f  t h i s  d is e a s e  and i t  i s  now 
g e n e r a l ly  a c ce p ted  th a t  th e  c o n d it io n  o r ig in a l ly  thought t o  
be one ab n orm ality  may be d e f ic ie n c ie s  e i th e r  o f  a n t i -  
h a em op h ilic  g lo b u lin  (A .H .G .) or o f  th e  Christm as fa c to r  (C .F .)
The o b je c t s  o f t h i s  p r e se n t survey  were t o  study the  
a s p e c t s  enum erated in  th e  l i s t  o f  c o n ten ts  a t  th e  s t a r t  o f  
t h i s  C hapter.
The in c id e n c e  o f  haem oph ilia  and Christm as d is e a s e  in  th e
p o p u la t io n .
The p o p u la t io n  s tu d ie d  was in  the West o f  S c o tla n d , the  
h o s p i t a l s  r e f e r r in g  th e  c a se s  b e in g  under the W estern R eg ion a l  
H o sp ita l Board and th e  p o p u la tio n  served  by th e se  h o s p i t a ls  
b e in g  a lm ost th r e e  m i l l io n .  87 p a t ie n t s  were seen  and th e r e  
was r e a so n  to  b e l ie v e  th a t  th e re  were another 9 in  th e  r e g io n .  
Some o f  th e s e  were r e l a t iv e s  o f p a t ie n t s  exam ined. T his  
g iv e s  an in c id e n c e  o f  one per 3 0 ,0 0 0 -3 5 ,0 0 0  o f  th e  p o p u la tio n .  
Most o f  th e  p a t ie n t s  were o f  S c o t t i s h  e x tr a c t io n , the fa m ily  
e x tr a c t io n s  b e in g  S c o t t i s h  in  76 , E n g lish  in  8 and I r i s h  in  3 . 
T h is i s  p robab ly  not o f  any p a r t ic u la r  s ig n if ic a n c e  as the  
g r e a t  m a jo r ity  o f  the p o p u la tio n  in  th e  r eg io n  are o f  S c o t t is h  
e x t r a c t io n .
The in c id e n c e  in  th e  p o p u la tio n  as a whole i s  probably  
r e p r e s e n ta t iv e  o f  t h i s  country and o f  n a t io n a l i t i e s  o f
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European e x tr a c t io n .  The occu rren ce in  negro and o r ie n t a l  
r a c e s  i s  p robab ly  l e s s .  In  negro r a c e s  C hristm as d is e a s e  
has b een  i d e n t i f i e d  amongst th e  h aem op h ilic  p o p u la tio n  by  
E p ste in  e t  a l  (1954).
The in c id e n c e  o f  C hristm as d is e a s e  in  the h aem op h ilic  p o p u la t io n .
Of th e  87 p a t ie n t s  examined 74 la ck ed  a n tih a em o p h ilic  
g lo b u lin  and 13 were d e f ic ie n t  in  the C hristm as f a c t o r .
There was one c a se  o f  Christm as d is e a s e  to  every  5 -6  w ith  
h a em o p h ilia . Of the t o t a l  haem ophilic  p o p u la t io n , 15 per 
cen t were s u f fe r in g  from Christm as d is e a s e .  In  t h i s  i n ­
v e s t ig a t io n  th e  nature o f  the d e fe c t  rem ained c o n sta n t  
th rough out th e  a f f e c t e d  f a m i l i e s .  When one member o f  a 
fa m ily  was found to  la c k  A.H.G. o th er  a f f e c t e d  members a ls o  
had t h i s  d e f ic ie n c y .  The same i s  true o f  Christm as d is e a s e .  
F a m ilie s  have r e c e n t ly  been  r ep o r ted  where a f f e c t e d  r e l a t i v e s  
have s u f fe r e d  e i t h e r  from A.H.G. or C .F . d e f ic ie n c y  (V er- 
s t r a e t e  1 9 55 , F a n tl and Sawers 1 9 5 6 ) .
When th e  in c id e n c e  o f th e  two c o n d it io n s  was co n sid ered  
in  f a m i l i e s  56 were found t o  la c k  A..H.G* and 7 th e  C .F .;  t h i s  
was an In c id en ce  o f  one Christm as d is e a s e  fa m ily  to  8 haemo­
p h i l i c  f a m i l i e s ;  o f  th e  t o t a l  number o f  a f f e c t e d  fa m il ie s  
ap p rox im ate ly  one in  e ig h t  were s u f f e r in g  from th e  Christm as 
d e f e c t .
'v36~4-
P itn e y  and D acie (1955) from c a se s  r ep o r ted  in  the l i t ­
e r a tu r e  concluded  th a t  th e r e  were 51 p a t ie n t s  w ith  C hristm as 
d is e a s e  amongst 330 ’’haem ophiliacs*1. From t h i s  th ey  con ­
c lu d ed  th a t  th e  in c id en ce  o f  haem ophilia  compared w ith  th a t  
o f  C hristm as d is e a s e  was about 5 .5 : 1 .  The in c id e n c e  in  th e  
p r e se n t  s e r ie s  i s  id e n t ic a l  w ith  t h i s .
The in c id e n c e  in  sm a ll s e r i e s  n a tu r a lly  v a r ie s  from  
c e n tr e  t o  c e n tr e . K o lle r  (1954) fo r  example in  S w itz e r la n d  
reco rd ed  n in e  c a se s  o f  Christm as d is e a s e  to  t e n  o f  haemo­
p h i l i a .  P itn e y  and D acie  (1955) in  London found 4 :1  (haemo­
p h i l i a  : C hristm as d is e a s e )  and B iggs and M acfarlane in  
Oxford 1 2 :1 .  F a n tl and Sawers (1954) in  A u s tr a lia  found  
5 :1 .
F am ily  H is to r y .
Of th e  s e r i e s  o f  p a t ie n t s  36 out o f  th e  t o t a l  o f  87 
had no fa m ily  h is to r y ;  in  one out o f  every  two or th r ee  
p a t ie n t s  se e n  th e r e  was no o th er  known a f f e c t e d  r e l a t i v e .
An a n a ly s is  was made o f the in c id en ce  o f  a p o s i t iv e  fa m ily  
h is to r y  in  r e s p e c t  t o  th e  number o f  g e n e r a tio n s  a f f e c t e d .  
Som etim es th e  h is to r y  was p o s i t iv e  in  on ly  one g e n e r a tio n  
th e  p a t ie n t  having an a f f e c t e d  b r o th e r . The r e s u l t s  are  
shown in  T ab le 2.4 .
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O ften  o n ly  one member o f  a fa m ily  was se en  b u t som etim es 
th e  o p p o rtu n ity  arose  t o  s e e  two or th r e e  a f f e c t e d  members 
o f  a fa m ily . On one o c c a s io n  th e  number se e n  was n in e .
These f ig u r e s  are shown in  Table Z S  .
TABLE 25~
Number o f  members 
se e n  per fa m ily 1 2 3
!t
9  i
H aem ophilia ; 47 6
I 2 i  !
C hristm as D ise a se ! 3 2 I 2 1
A ccord ing to  the a ccep ted  mechanism o f  in h e r ita n c e  o f  
th e s e  d is e a s e s  th e re  should  be an eq u al number o f  a f f e c t e d  
and u n a ffe c te d  m ales amongst the son s o f  a tr a n s m itte r .
When the p a t ie n t s '  g e n e r a tio n  was co n sid ered  i t  was found  
th a t  in  the case  o f haem oph ilia  th ere  were 82 a f f e c t e d  as 
compared w ith  45 u n a ffe c te d  and in  C hristm as d is e a s e  15 were
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a f f e c t e d  and 9 u n a ffe c te d . T h is d iscrep a n cy  rem ains unex­
p la in e d .
S o c ia l  and p erso n a l a s p e c t s .
O ccu p ation :
50 o f  the p a t ie n t s  were over th e  age o f  16 and th e  p rob ­
lem  o f  employment was d isc u sse d  w ith  each o f  them . 9 were  
perm anently  unemployed on account o f  t h e i r  c o n d it io n :  12
were em ployed but were f in d in g  co n sid era b le  d i f f i c u l t y  in  
r e t a in in g  t h e ir  job w h ile  on ly  29 h e ld  t h e ir  job w ith o u t much 
in co n v en ien ce  from t h e ir  d is e a s e .  In  th e  l a t t e r  group were 
many o f  th e  m ild er  c a s e s .  Of th o se  employed a few o f  th e  
m ild er  c a se s  were doing heavy lab ou rin g  jo b s , but the m ajor­
i t y  had s tu d ie d  a tra d e  and were engaged in  t h i s .  A few  
were motor d r iv e r s ,  a few  were sa lesm en , w h ile  a sm all num­
b er  w ere in  th e  p r o fe s s io n s  or tr a in in g  fo r  them . Many had 
found by ex p er ien ce  o f l o s s  o f  employment th a t  i t  was f r e ­
q u e n tly  b e t t e r  on a p p lic a t io n  fo r  a job t o  co n cea l th a t th ey  
were h a e m o p h ilia c s . Only one th ir d  o f  th o se  o f  em ployable  
age were on th e  D isa b led  P ersons R e g is te r  w h ile  tw o -th ir d s  
were n o t .  Three o f the p a t ie n t s  had serv ed  in  th e  fo r c e s  - 
one b eca u se  th e  d ia g n o s is  was not made u n t i l  some y ea rs sub­
sequ en t t o  s e r v ic e ,  one b ecause he had p u rp ose ly  con cea led  
th e  c o n d it io n  a t the tim e o f  e n lis tm e n t and one because the  
exam ining doctor  d ism isse d  th e  sta tem en t th a t  he was a
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haem ophil i a e .
M arriage:
T h is i s  a d i f f i c u l t  problem  on which t o  a d v ise  th e  in ­
d iv id u a l h a em o p h ilia c . S in ce  a l l  h i s  d au gh ters are  t r a n s ­
m it te r s  th e  d is e a s e  i s  l i a b l e  t o  appear in  h i s  g r a n d c h ild r e n .  
Among th e  p a t ie n t s  th e re  were 36 over th e  age o f  20 y e a r s .  
S ev en teen  were m arried and n in e te e n  were unm arried. Of 
th o se  who were m arried  on ly  6 had a p p r e c ia te d  a t  th e  tim e  o f  
m arriage, th a t  tr a n sm is s io n  w ould r e s u l t  and n in e  had n o t ap­
p r e c ia te d  t h i s  p o s s i b i l i t y .  Two had n ot been  d ia g n o sed  a s  
h aem op h iliacs a t  th e  tim e o f  m a rr ia g e . Of th e  n in e te e n  un­
m arried  p a t ie n t s  e le v e n  d id  not r e a l i s e  a t  the tim e  o f  i n t e r ­
v iew  th a t  th ey  cou ld  tra n sm it th e  c o n d it io n . The i n t e r e s t ­
in g  fe a tu r e  i s  the h ig h  in c id e n c e  o f  th o se  p a t i e n t s  who d id  
n ot a p p r e c ia te  th a t  th ey  co u ld  tra n sm it th e  d i s e a s e .  T h is  
i s  r e la t e d  t o  the d ictum , th a t  th e  fem ale  tr a n sm its  th e  con d i 
t i o n .  I t  i s  d i f f i c u l t  t o  know what a d v ice  t o  g iv e  th e  
h aem oph iliac about m arr iage . I f  a fa m ily  i s  w anted th e re  
i s  a case  to  be made fo r  th e  ad o p tio n  o f  c h i ld r e n . The w ife  
sh ou ld  have a t r a in in g  fo r  some g a in fu l  o c cu p a tio n  a s  she may 
o f te n  r e q u ir e  t o  go out to  work in  su pport o f  th e  home a t  
tim es when th e  husband i s  unable t o  w ork.
Age D is t r lb u t io n  o f  th e  p a t i e n t s *
The age d is t r ib u t io n  o f  th e  p a t ie n t s  in  th e  s e r i e s  i s  
shown in  Table 2-k> , and fo r  com parison f ig u r e s  r e p r e s e n t in g  
a p a r t o f  th e  p o p u la tio n  in  th e  West o f  S c o t la n d .
TABLE Z<o
0 -5
12
5-10
15
10 -15
10
1 5 -2 0  ' 
9
20-25
11
2 5 -3 0
7
1 3 7 ,8 3 8  | 118 ,086  j 1 1 3 ,9 6 5  i 97 ,6 7 3  98 ,8 0 6  1 0 7 ,3 3 2
30 -35  ’ 35 -40  [ 40-45  ■ 4 5 -50  | 50 -55  ' 5 5 -6 0
7 3 6 1 ! 4 2
i  , 1
9 5 ,8 5 7  ■ 1 0 1 ,7 4 4  j 1 0 1 ,5 7 3  9 5 ,2 1 3  j 7 9 ,8 4 6  : 6 4 ,9 0 0
As w ould be e x p e c ted  th e  f ig u r e s  su g g e s t  th a t  th e  e x ­
p e c ta t io n  o f  l i f e  i s  co n sid er a b ly  d im in ish ed  fo r  th e  s u f f e r e r s  
from th e se  d is o r d e r s .  The f ig u r e s  show th a t  th e re  are  
n e a r ly  tw ic e  as many p a t ie n t s  in  the group below  25 y e a rs  
o f  age as compared w ith  th e  numbers over 25 y e a rs  o f  a g e .
I t  i s  tem p tin g  to  assume th a t  th e  developm ent o f  th e  t r a n s ­
fu s io n  s e r v ic e s  may in  p a r t be r e sp o n s ib le  f o r  t h i s .
The g r a d a tio n  o f  s e v e r i t y  o f  th e  d is e a se -H a e m o p h ilia .
One a sp e c t  o f  h aem op h ilia  w hich i s  o f  i n t e r e s t  i s  the  
v a r ia t io n  betw een  c a ses  in  th e  d egree o f  s e v e r i t y  o f  th e
c o n d it io n . I t  i s  in d eed  stra n g e  th a t  t h i s  g e n e t i c a l l y  d e ­
term ined  c o n d it io n  sh ou ld  he so  v a r ia b le  in  i t s  s e v e r i t y .
From th e p a t ie n ts  in  t h i s  s e r ie s  i t  w ould appear th a t  
th e r e  are th r e e  grades o f  th e  c o n d it io n . Two o f  th e s e  are  
q u ite  c le a r ly  d e f in e d . The m ild  c a se  has v ery  l i t t l e  tr o u b le  
w ith  h is  c o n d it io n  ap art from the haemorrhage a t  to o th  e x ­
t r a c t io n ;  h is  w hole b lo o d  c lo t t in g  tim e i s  normal and th e  
abn orm ality  i s  on ly  c le a r ly  dem onstrable on th e  th ro m b o p la stin  
g e n e r a tio n  t e s t .  The p a t ie n t s  have no j o in t  d i s a b i l i t y  and 
le a d  a normal l i f e .  The se v er e  ca se  le a d s  a l i f e  o f  ch ro n ic  
in v a lid ism  s e v e r e ly  d is a b le d  by h i s  c o n d it io n . The w hole  
b lo o d  c lo t t in g  tim e i s  m arkedly p ro lo n g ed . The p a t ie n t s  in  
t h i s  grade o f  s e v e r i t y  have c o n s id e r a b le  tr o u b le  w ith  t h e ir  
j o in t s  b e in g  c r ip p le d  by the e f f e c t s  o f  r e c u r r e n t  haemar- 
t h r o s e s . In  betw een  th e se  m ild  and se v e r e  c a se s  are  a group 
o f  l e s s  w e l l  d e fin e d  p a t ie n t s  who c l i n i c a l l y  have a d egree  o f  
s e v e r i t y  In term ed ia te  betw een th e  m ild  and th e  s e v e r e .  These  
p a t ie n t s  have some j o in t  d i s a b i l i t y  bu t not n e a r ly  so  much a s  
th e  s e v e r e ly  a f f e c t e d  h a em o p h ilia c . They can r e t a in  em ploy­
ment w ith ou t much d i f f i c u l t y .  The w hole b lo o d  c lo t t in g  tim e  
o f  t h i s  group o f  p a t ie n t s  was a ls o  s h o r t ,  th e  mean v a lu e  b e in g  
th e  same as th a t  f o r  the m ild  group.
When plasm as from th e  m ild  and th e  se v e r e  c a se  are compared 
on th rom b op lastin  g e n e r a t io n  th ere  i s  a dem onstrab le d i f f e r e n c e
in  th e  degree o f  th e  d e fe c t  ( s e e  p a g e /0 6 7 o f th e  a p p en d ix ). 
F igure 119 i l l u s t r a t e s  th e  d i f f e r e n c e s  in  th e  plasma o f  th r e e  
h aem op h iliacs o f  vary in g  s e v e r i t y  examined in  th e  one day hy 
th e  th rom b op lastin  g e n e r a tio n  t e s t .  Plasma from th e
sev ere  c a se  forms even l e s s  th rom b op lastin  than  from th e  
m ild  one.
In f ig u r e  120 i s  shown by h istogram  th e  r e s u l t s  o f  th e  
whole b lood  c lo t t in g  tim e on th e  s e r ie s  o f  p a t ie n t s .  I t
w i l l  be seen  th a t  th e r e  i s  a gap in  th e  numbers betw een th e
group w ith  normal or  s l i g h t l y  pro lon ged  c l o t t i n g  tim es and 
th o se  w ith  m arkedly p ro longed  whole b lood  c o a g u la t io n  t im e s .  
A pproxim ately one h a l f  o f th e  p a t ie n t s  have c l o t t i n g  tim es  
w ith in  or ju s t  beyond th e  normal range and th e  o th e r  h a lf  
have m arkedly prolonged  whole b lood  c lo t t in g  t im e s . A 
s im ila r  phenomenon has been rep orted  by M erskey (1950) and 
F a n tl and Sawers (1 9 5 4 ) .
In a d d it io n  to  th e s e  th r e e  groups of p a t ie n t s  -  th e  
s e v e r e , th e  m ild ,an d  th e  m oderate -  th e r e  were th r e e  p a t ie n t s  
who p resen ted  ra th er  d i s t i n c t i v e  f e a t u r e s .  They had 
recu rren t and very  trou blesom e b leed in g  from mucous membranes 
at p a r t ic u la r  s i t e s  - recu rren t e p is t a x is  and haem atem esis in  
one and haem atem esis and m elaena in  th e  o th e r  tw o. Two o f
th e s e  th r e e  p a t ie n t s  in  a d d it io n  to  having d e f ic ie n c y  o f
a n tih a em o p h ilic  g lo b u lin  on th rom b op lastin  g e n e r a tio n  a ls o  had 
p ro lo n g a tio n  o f  th e  b le ed in g  tim e .
Figure (119)
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Comparison o f  th e  th r o m b o p la stin  g e n e r a t io n  
t e s t  on h a em o p h ilia cs  o f  v a r y in g  c l i n i c a l  s e v e r i t y .
O rdinate -  p e r ce n ta g e  th r o m b o p la s tin .
A b s c is s a  -  tim e in  m in u tes a f t e r  a d d it io n  o f  
c a lc iu m .
T h rom bop lastin  g e n e r a t io n  tech n iq u e  w ith  normal 
serum and p l a t e l e t s  c o n s ta n t .
#■ — - I  norm al adsorbed  p lasm a.
Q Q h aem op h ilic  adsorbed  plasm a from p a t ie n t s
o f  c l i n i c a l  s e v e r i t y  a s  in d ic a t e d .
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Whole b lo o d  c l o t t i n g  t im es  in  h a e m o p h ilia . 
O rdinate -  number o f  p a t i e n t s .
A b sc is sa  -  w hole b lo o d  c lo t t i n g  t im es  in  m in u tes . 
The whole b lo o d  c o a g u la t io n  t im e s  were e s tim a te d  
by method ( 2 ) .
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Christmas D ise a se :
Taken as a group th e se  p a t ie n t s  were somewhat l e s s  
s e v e r e ly  a f f e c t e d  than the h a e m o p h ilia c s . Of th e  13 p a t ie n t s  
o n ly  two were o f  comparable s e v e r i t y  w ith  th e  group o f  s e v e r e  
h a e m o p h ilia cs . These two had p ro lo n g ed  w hole b lo o d  c lo t t i n g  
tim es and c o n s id e r a b le  j o in t  d i s a b i l i t y .  The rem ainder  
were comparable in  s e v e r i t y  w ith  th e  m oderate h aem op h iliac  
havin g  a s im ila r  degree o f  j o in t  d i s a b i l i t y .  The w hole b lo o d  
c lo t t in g  tim e in  t h i s  group was g e n e r a l ly  s h o r t .  None o f  th e  
p a t ie n t s  w ith  C hristm as d is e a s e  were as m ild  as th e  m ild e s t  
o f  th e  h a em o p h ilia cs  who have no tro u b le  w ith  t h e i r  c o n d it io n  
ap art from to o th  e x tr a c t io n .
The grade o f  th e  d is e a s e  was in  g e n e r a l th e  same th ro u g h ­
out th e  one p e d ig r ee  but th e re  were some e x c e p t io n s  to  t h i s ,  
one b r o th e r  h avin g  c o n s id e r a b ly  more tro u b le  than  th e  o th e r .
The n atu re  o f  th e  f i r s t  haem orrhagic in c id e n t  and th e  age 
a t  w hich th e  d ia g n o s is  was e s t a b l i s h e d :
The n ex t fe a tu r e  in  t h i s  su rvey  was t o  a s s e s s  th e  n atu re  
o f  th e  f i r s t  haem orrhagic in c id e n t  le a d in g  t o  th e  e s t a b l i s h ­
ment o f  the d ia g n o s is  and th e  age a t  w hich t h i s  was made. I t  
was p o s s ib le  in  r e tr o s p e c t  a f t e r  the e s t a b l i s h in g  o f  th e  
d ia g n o s is  t o  o b ta in  a h is to r y  o f  in c id e n ts  w hich were c e r ­
t a in ly  a t t r ib u ta b le  to  the c o n d it io n . There was a ten d en cy  
fo r  the d ia g n o s is  t o  be e s ta b l is h e d  e a r l i e r  in  th o se  c h ild r e n  
where th e r e  was a lre a d y  a fa m ily  h is to r y  o f  th e  c o n d it io n  and
F igu re  (121)
Whole b lo o d  c l o t t i n g  t im es  in  C hristm as d i s e a s e .  
O rd in ate  -  number o f  p a t i e n t s .
A b s c is s a  -  whole b lo o d  c lo t t i n g  t im e s  in  m in u tes . 
The w hole b lo o d  c o a g u la t io n  t im es  were e s t im a te d  
by method ( 2 ) .
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the p a ren ts were on the ou tlook  fo r  th e  d is e a s e .  The p r e ­
s e n t in g  in c id e n ts  are shown in  order o f  freq u en cy  in  ta b le  2 7 -
TABLE 2 7  
87 P a t ie n ts
E x tern a l b le ed in g  from sm all c u ts  -  s c a lp , f a c e ,  
mouth, l i p s ,  ton gu e, hands and f e e t 40
Haematomata - e s p e c ia l ly  sc a lp  and th ro a t 18
C ircu m cision 7
Tooth e x tr a c t io n 6
H aem arthrosis 5
E p is ta x is 4
TonsiH iectom y 1
O peration  - g lan d s o f neck 1
I n j e c t io n  fo r  d iphtheria-w hooping cough 
im m unisation 1
G a s tr o - in t e s t in a l  b leed in g 1
B lee d in g  from chickenpox v e s ic l e 1
On assessm en t by la b o ra to ry  exam ination  b e in g  
th e  member o f an a f f e c te d  fa m ily  1 1
U n certa in 1
The m ost common p r e sen tin g  symptom was o f  b le e d in g  from 
c u ts  p a r t ic u la r ly  o f th e  s c a lp , fa c e  and l i p s  when the c h ild  
s t a r t s  to  crawl and w alk . The slow  h e a lin g  o f th e se  i s  o fte n  
dem onstrated by th e  subsequent s c a r r in g . The n ex t most common 
p r e se n t in g  fe a tu r e  was o f haemotomata a f f e c t i n g  p a r t i c u l a r l y
the s c a lp .
The ages a t  w h ich  th e  d ia g n o s is  was made are summarised 
in  T able .
TABLE
Ages a t  w hich d ia g n o s is  made 
0 -1  -2  -3  -4  -5  -6  -7 -8  10-11  12-13  18 20 25 34
27 15 8 6 6  11 3 2  2 1 2 1 1 1
The d ia g n o s is  r e fe r s  to  the la b e l l in g  as a haem oph iliac  - 
the d i f f e r e n t ia t io n  in to  la c k  o f an tih aem op h ilic  g lo b u lin  or 
o f  th e  Christm as fa c to r  having been  made on ly  during the l a s t  
th ree  y e a r s .
The ca u ses o f ad m ission  to  h o s p i t a l .
I t  i s  o f te n  d i f f i c u l t  fo r  th e  o ld er  haem ophiliac to  r e ­
member a l l  the in c id e n ts  which had caused h is  ad m ission  to  
h o s p ita l  but an a n a ly s is  o f the reason s fo r  h o s p i t a l i s a t io n  
i s  r ep r e se n te d  in  Table 2 7  . There had been  alm ost 500 ad­
m iss io n s  in  the s e r ie s  o f 87 p a t ie n t s  and th e  reason s fo r  th e se  
are shown in  Table 2 7  *
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TABLE 2 1  
489 adm issions to  h o s p ita ls
H aem arthrosis 129
T eeth  e x tr a c t io n  115
Haematomata 84
Cuta 5 5
G a s tr o - in te s t in a l  b le e d in g  41
Haematuria 26
E p is ta x is  24
O perations 6
(T o n s illec to m y , append!cectom y, 
g lan d s o f neck , e n u c le a tio n  o f  
e y e , drainage o f a b s c e ss ,  
c y s t  o f e y e l id ) .
F ractu red  femur 3
T o n s il la r  b le ed in g  2
Haemorrhoids 1
The number o f  adm issions to  h o s p ita l  o f  a haem ophiliac  
i s  n ot n e c e s s a r i ly  an in d ic a t io n  o f  th e  s e v e r i t y  o f  th e  con­
d i t io n .  P a r t ic u la r ly  where a mother fo r  example has ga ined  
some ex p erien ce  in  the management o f  th e  c o n d it io n  e ith e r  
from the care o f  the in d iv id u a l p a t ie n t  or o f  o ther a f f e c t e d  
members o f  th e  fa m ily  she o fte n  e l e c t s  to  manage the g rea t  
m a jo r ity  o f  th e  in c id e n ts  a t  home. One s e v e r e ly  a f f e c t e d  
p a t ie n t  had h i s  f i r s t  ad m ission  to  h o s p ita l  a t  the age o f  48 
y e a r s .
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Not in fr e q u e n tly  s im ila r  haem orrhagic in c id e n ts  were 
th e  cause o f  ad m ission  in  the in d iv id u a l case  -  fo r  example 
r ep ea ted  e p is t a x is  in  one haem ophilic  c h i ld  or recu rren t  
haem atem esis and m elaena in  an oth er .
The tr a n s fu s io n  h is to r y  w ith  r e fer e n c e  t o  th e  group , 
genotype and developm ent o f  immune a n t ib o d ie s .
The group and genotype o f each o f  th e  p a t ie n t s  was de­
term ined  and t e s t s  made fo r  th e  presen ce  o f  immune a n t ib o d ie s .  
The d e t a i l s  o f  th e se  are g iv e n  in  the appendix pages /ot>£-/o66. 
The group and genotype do n ot show any p a r t ic u la r  fe a tu r e s  
th e  d is t r ib u t io n  b e in g  s im ila r  to  th a t  o f  th e  rem ainder o f  
the p o p u la tio n  in  the West o f  S c o tla n d .
12 out o f  87 p a t ie n t s  had never been  tr a n s fu se d . The
in c id e n c e  o f  tr a n s fu s io n  i s  not n e c e s s a r i ly  an in d ic a t io n  o f  
th e  s e v e r i t y  o f  th e  c o n d it io n ;  one s e v e r e ly  a f f e c t e d  p a t ie n t  
aged 57 had never been tr a n sfu se d . In g en era l however the  
g r e a te r  th e  number o f  tr a n sfu s io n s  th e  more severe  the degree  
o f  the c o n d it io n .
TABLE do
Number o f  tr a n s fu s io n s  None 1 2  3 4 5 6 10+
Number o f  p a t ie n t s  12 17 9 9 3 6 6 25
S ix  o f  th e  p a t ie n t s  had rh esu s a n t ib o d ie s  a s  a consequence  
o f  p rev io u s tr a n s fu s io n s  -  four o f  th e se  were a n ti-D  a lo n e , one
~ -3 (b> (o
was anti-G  + a n ti-D  and one was a n t i -E . One p a t ie n t  had an 
a n t i -K e l l  an tib od y .
Some o f  th e  m a n ife s ta t io n s  o f  the d is o r d e r .
H aem arth rosis:
Of th e  74 p a t ie n t s  w ith  h aem op h ilia , 42 had severe  j o in t  
in vo lvem en t, 14 had minimal jo in t  symptoms and in  18 th ere  
was no h is to r y  o f  any h aem arth rosis . In those 13 p a t ie n t s  
w ith  Christm as d is e a s e  3 had severe  jo in t  d i s a b i l i t y ,  3 had 
minimal jo in t  symptoms and in  7 th ere  was no h is to r y  o f  j o in t  
l e s i o n s .
X-Rays were tak en  r o u t in e ly  o f  the knee jo in t s  but th ere  
was noth in g  new t o  add t o  the a lread y  e s ta b lis h e d  knowledge 
o f  th e  r a d io lo g ic a l  appearances in  th ese  c o n d it io n s . The 
fe a tu r e s  v a r ia b ly  seen  in  r e la t io n  to  the knees were o s te o ­
p o r o s i s ,  coarse  tr a b e c u la t io n , s c a llo p in g  o f in tereo n d y la r  
a r e a , w idening o f  in terco n d y la r  n o tch , d egen era tion  o f  a r t ic u ­
la r  c a r t i la g e ,  d eg en era tiv e  c y s t  form ation  and ir r e g u la r i ty  
o f  a r t ic u la r  su r fa c e . There was o c c a s io n a lly  th ick en in g  o f  
th e  jo in t  cap su le  w ith  c a l c i f i c a t i o n  o f  s o f t  t i s s u e s  around 
th e  j o i n t ,  c a l c i f i c a t i o n  o f lig a m e n to s is  cap su lar  attachm ent 
and o f  th e  su p r a p a te lla r  pouch. Secondary o s t e o a r t h r i t i s  
was common in  the o ld er  p a t ie n t s  and enlargem ent o f  th e  
e p ip h y s is  was sometimes seen  in  th e  younger p a t ie n t s .
The d e s c r ip t io n  o f b oth  acu te  and ch ron ic  haem ophilic
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j o in t  d is e a s e  by wKonigw i s  the c l a s s i c a l  one, hut th ere  
have been  numerous oth er  a c co u n ts . C affey  and S c h le s in g e r  
(1940) r e p o r t on ep ip h y sea l overgrowth and p reco c io u s o s s i f i c a ­
t io n .  Other v a lu a b le  accou nts o f  the c o n d it io n  in c lu d e  
E onio (1 9 3 8 ) , Newcomer (1 9 3 9 ), Lamy (1 9 4 2 ), K eefer and Myers 
(1933) and MacDonald and Lozner (1 9 4 3 ).
In  T able 3/ i s  s e t  down an a n a ly s is  o f  th e  in c id en ce  
o f  involvem ent in  p a r t ic u la r  j o in t s .
TABLE 3 1__
62 p a t ie n t s  w ith  j o in t  involvem ent
Knees 55
Elbows 36
Ankles 36
Shoulders 15
W rists 12
Hips 7
The knees are th e  j o in t s  most commonly a f f l i c t e d  and a f t e r  
them the elbow s and th e  ank les w ith  equal freq u en cy .
Enquiry was made as to  th e  tim e taken fo r  each jo in t  
in c id e n t  t o  s e t t l e  down a g a in . Each f r e s h  in c id e n t o f jo in t  
b le e d in g  d isa b le d  th e  p a t ie n t  g e n e r a lly  fo r  one to  two w eek s.
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Haemorrhage a t to o th  e x tr a c t io n .
Primary d e n t i t io n :
The m ilk  te e th  in  gen era l cause much l e s s  d i f f i c u l t y  
than  th e  permanent t e e t h .  38 out o f  the 87 p a t ie n t s  had 
some s ig n i f i c a n t  haemorrhage a t the tim e o f  th e  l o s s  o f  the  
m ilk  t e e t h .  In  g e n e r a l t h i s  was much g r e a te r  i f  th e  t e e t h  
were e x tr a c te d  than when they  were a llow ed  to  shed by them­
s e l v e s .  Sometimes th ere  was some b le e d in g  when th e  to o th  
was shed bu t co n sid era b ly  l e s s  than th a t  fo llo w in g  e x tr a c t io n  
o f  th e  t e e t h .  O cca sio n a lly  when th e  te e th  were " c u tt in g ” 
th e re  was minor haemorrhage. I t  i s  probably a d v isa b le  t o  
a llow  th e  prim ary te e th  to  shed by th em selves r a th e r  than t o  
have them e x tr a c te d .
Secondary d e n t i t io n :
C erta in  a sp e c ts  o f t h i s  are d escr ib ed  in  g r e a te r  d e t a i l  
in  Chapter Z O  . I t  should be im pressed on a l l  p a ren ts  o f  
h aem op h ilic  c h ild re n  th a t  reg u la r  d en ta l treatm ent i s  e s se n ­
t i a l .  C arefu l c o n serv a tiv e  d e n t is tr y  w i l l  o f te n  p reven t the  
n e c e s s i ty  fo r  e x tr a c t io n s  a t a l a t e r  date and should be c a rr ie d  
out in  every  c a s e . There i s  no danger o f  haemorrhage from  
th e  d e n ta l procedure o f  f i l l i n g  o f t e e th  provided  care i s  
tak en  not t o  damage th e  gum.
Tooth e x tr a c t io n  forms a sev ere  t e s t  o f  h aem ostasis  in  
th e se  p a t ie n t s  and haemorrhage may p e r s i s t  fo r  2 -3  weeks
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fo llo w in g  th e se  e x tr a c t io n s .  The p a t ie n t s  sh ou ld  c e r ta in ly  
be h o s p ita l iz e d  and c e r ta in  m easures d e sc r ib ed  in  d e t a i l  in  
Chapter 2 0  adopted fo r  th e  c o n tro l o f  b le e d in g .
Haematoma:
In  th e  sev ere  p a t ie n t  th ese  occurred e it h e r  sp on tan eou sly  
or fo llo w in g  minor trauma whereas in  the m ild  case  th ere  was 
u s u a lly  a h is to r y  ob ta in ed  o f  same in ju r y . There was no p ar­
t i c u la r  s i t e ,  b r u is in g  occu rrin g  a t any a rea . The th ig h s ,  
b u tto c k s  and sh in s  were amongst the commonest s i t e s .  More 
dangerous was haematoma form ation  in  the f lo o r  o f  the mouth 
or in  the n eck . I l io p s o a s  haematoma w ith  fem oral nerve  
damage i s  another., not uncommon s i t e .  Cases o f t h is  are men­
t io n e d  below  in  the s e c t io n  on the n e u r o lo g ic a l c o m p lic a t io n s . 
When t h i s  occurs on th e  r ig h t  s id e  i t  p r e sen ts  d ia g n o s t ic  
d i f f i c u l t y  on account o f  i t s  s im i la r i t y  t o  an appendix a b s c e s s .
A nother su r p r is in g  fe a tu r e  was the very marked lo s s  o f  
b lo o d  w hich can occur in to  t i s s u e .  Not uncommonly p a t ie n t s  
have been seen  who have b le e d in g  in to  t i s s u e s  where the  
haem oglobin has f a l l e n  q u ick ly  to  30-40$  w ith ou t ev id en ce o f  
any e x te r n a l b lood  l o s s .
M assive sc a lp  haematomata are c h a r a c te r is t ic  o f the  
c o n d it io n  in  ch ild hood  presum ably on account o f the g r e a te r  
r is k  o f  s u f f i c i e n t  in ju ry  t o  th a t r eg io n  t o  produce such a 
l e s i o n .  These can become la r g e  and the r i s k  of sk in
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u lcera tio n  i s  then p resen t.
Haemorrhage from wounds:
The prolonged  haemorrhage from sm all cu ts  o f  th e  s c a lp ,  
f a c e ,  l i p s  or tongue in  e a r ly  ch ildhood  o fte n  c o n s t i tu t e s  the  
p r e se n t in g  fe a tu r e  o f  the c o n d it io n . The haemorrhage from  
the tongue may he the consequence o f a c c id e n ta l ly  b i t in g  th e  
to n g u e . The wounds are slow  to  h ea l and permanent sc a r r in g
common. Any wound w i l l  cause t h is  prolonged b le ed in g  but
th o se  most commonly seen  are fo llo w in g  tooth  e x tr a c t io n ,  
c ir c u m c is io n  or o th er  minor o p e r a tio n s .
G a s t r o - in te s t in a l  b le e d in g :
30 o f  the p a t ie n t s  ( i . e .  about one th ir d )  had su ffe r e d  
from haem atem esis or m elaena. G en era lly  th ere  was no known 
cause fo r  t h i s  but i t  was thought to  be due on one o c ca s io n  
to  the in g e s t io n  o f  A .P .C . t a b le t s  fo r  toothache and on an­
o th er  to  a lc o h o lic  b ev era g e . I t  occurred in  ch ildhood  in  
a s s o c ia t io n  w ith  the vom iting o f  whooping cough and w ith  
g a s t r o - e n t e r i t i s . In  11 o f the s e r ie s  th e re  had been rep ea ted  
in c id e n ts  o f  g a s t r o - in t e s t in a l  b leed in g  and on o cca sio n  t h i s  
c o n s t i tu te d  the main d i s a b i l i t y  o f  th e  c o n d it io n . In the  
o th er  p a t ie n t s  who had su ffe r e d  from t h i s  type o f  b le ed in g  i t  
had on ly  occurred on ce . Not in fr e q u e n tly  haem atem esis had 
occurred subsequent to  th e  sw allow ing o f b lood  from the b le e d ­
in g  o f  to o th  e x tr a c t io n  or o f e p I s t a x i s .
Renal d is e a s e  in c lu d in g  h aem atu ria :
About one th ir d  (31) o f  th e  p a t ie n ts  had su ffe r e d  a t  
l e a s t  one in c id e n t  o f haem aturia . In  seven  o f  th e  p a t ie n t s  
r ep ea ted  in c id e n ts  o f  haem aturia occu rred . In  three o f  th e se  
p a t ie n t s  ren a l c a lc u l i  were p r e s e n t . T h is i s  a r e l a t iv e l y  
h ig h  in c id en ce  o f  c a l c u l i .  I t  i s  p o s s ib le  th a t  th e  b le e d in g  
r e s u l t s  in  s u f f i c i e n t  f i b r in  d e p o s it  to  a c t  as a n id us fo r  
sto n e  form ation .
E p is t a x i s :
The nose was a v ery  common s i t e  for  haemorrhage. 51 
o f  th e  s e r ie s  o f  p a t ie n t s  had su ffe r e d  from troublesom e  
e p i s t a x i s .  26 o f  th e se  had frequ en t and recu rren t e p is t a x is  
and on o c ca s io n  t h i s  c o n s t itu te d  the main d i s a b i l i t y  o f  t h e ir  
c o n d it io n .
N e u r o lo g ic a l c o m p lic a t io n s :
A c l i n i c a l  study has been made o f  the n e u r o lo g ic a l l e s io n s  
r e s u l t in g  from the p ressu re  o f  haematomata on nerve t i s s u e .
8 p a t ie n t s  in  t h i s  s e r ie s  developed  th is  type o f  co m p lica tio n  
and th e se  are d escr ib ed  in  Chapter .
O p e ra tio n s:
I t  i s  w e ll known th a t su r g ic a l procedures in  haem ophiliacs  
carry  a h igh  m o r ta lity  r a te  and sh ou ld  be avoided  at a l l  c o s t s .  
One m ild  haem ophiliac su rv iv ed  to n s il le c to m y  c a rr ie d  out b e fo r e
372-
i t  was a p p rec ia ted  th a t he was a f f e c t e d  w ith  th e  c o n d it io n .  
Another m ild ly  a f f e c t e d  p a t ie n t  had an e n u c le a t io n  o f  an eye 
subsequent to  an in ju ry  to  th e  e y e . In sev ere  h aem oph iliacs  
th e re  had been  on one o c ca s io n  drainage o f g lan d s o f  neck  
and on another o f  an a b sce ss  o f  l e g .  An e x te n s iv e  lam inectom y  
was perform ed under the haem ostatic  cover o f bovine and p ig  
a n tih a em o p h ilic  g lo b u lin  in  the R a d c lif fe  In firm ary , Oxford. 
T h is was a severe  haem ophiliac se n t to  Oxford to  be under the  
care of Dr. R. 0 .  M acfarlane and Dr. J . B. Permybacker sub­
sequ en t to  the developm ent o f  a tra n sv e rse  l e s io n  o f  the cord  
by e x tr a th e c a l b le e d in g . T h is p a t ie n t  i s  d escr ib ed  
in  the s e c t io n  d e a lin g  w ith  the n e u r o lo g ic a l co m p lica tio n s  
o f  th e se  c o n d it io n s .
F r a c tu r e s ;
There were fou r  fr a c tu r e s  o f femur in  th e  s e r i e s ,  th ree  
o f  th e se  having develop ed  as a consequence o f  t r i v i a l  in ju r y  
and c o u ld  be c l a s s i f i e d  as p a th o lo g ic a l f r a c tu r e s .  They oc­
curred a s a r e s u l t  o f stum bling and a f f e c te d  the sh a ft  o f  the  
fem ur. Two o f  th e se  p a th o lo g ic a l fr a c tu r e s  were in  p a t ie n t s  
w ith  haem ophilia  and th e  other was in  a p a t ie n t  w ith  Christm as 
d is e a s e .  One haem ophiliac fra c tu r ed  both  w r i s t s .  The h e a l­
in g  o f  th e se  fr a c tu r e s  d id  not p resen t se r io u s  d i f f i c u l t y  
th e r e  b e in g  abundant c a l lu s  form ation .
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MISCELLANEOUS .
H aem ophilic pseudotum our:
One p a t ie n t  had a very  la r g e  sw e ll in g  the s iz e  o f  a 
f o o t b a l l  in  the l e f t  th ig h  and t h i s  had been p resen t fo r  
some y e a r s . T his i s  a reco g n ized  co m p lica tio n  o f the con­
d i t io n  r e fe r r e d  to  as a haem ophilic pseudotumour. I t  i s  
b e l ie v e d  t o  a r is e  as a consequence o f recu rren t b le e d in g  
around bone. I t  i s  converted  over the course o f  months or 
y e a rs  in to  a sw o lle n  ten se  sac o f o ld  b lood and d estroyed  
t i s s u e . The X-Ray appearance i s  r e a d ily  m istaken fo r  a 
sarcoma on account o f  th e  s o f t  t i s s u e ,  sw e llin g  and s p ic u le s  
o f  c a l c i f i c a t i o n  a r is in g  from the shaft o f the bone. The 
c o n d it io n  probab ly  s ta r t s  as a su b p e r io s te a l haematoma.
F ir o r  and W oodhall (1936) have review ed  the l i t e r a t u r e  
o f  t h i s  c o n d it io n  and rep orted  a case o f th e ir  own. This  
was a 1 5 -year  o ld  boy who developed  a g ra d u a lly  p r o g r e ss iv e  
s w e ll in g  o f  the r ig h t  thumb over 18 months fo llo w in g  in ju r y .  
X -ray r e v e a le d  ab so rp tio n  o f  bone and a d ia g n o sis  o f bone 
sarcoma was made. S u c c e ss fu l am putation was done w ith  the  
a id  o f  e l e c t r i c  c o u ter v . Other ca ses are rep orted  by 
S ta rk er  (1 9 1 8 ), E chternacht (1943) and D avidson e t  a l  (1 9 4 9 ).
T o n s i l la r  b le e d in g :
Q uite apart from b le ed in g  fo llo w in g  to n s il le c to m y  b le ed in g  
sometimes occurs from the t o n s i l s  -  t h i s  was troublesom e in
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two o f the p a tie n ts .
H aem op tysis:
T h is was r e l a t iv e l y  rare occu rrin g  in  on ly  seven  p a t ie n ts  
o f  th e  s e r i e s .  In  two th is  haem optysis was a co m p lica tio n  
o f  an acu te  r e sp ir a to r y  in f e c t io n  -  whooping cough in  one 
and an acu te  b r o n c h it is  In  the other in  a s s o c ia t io n  w ith  a 
head c o ld .
S U M M A R Y
The p a t ie n t s  w ith  haem ophilia  or Christmas d is e a se  have 
b een  su rveyed  in  th e  West o f  S co tla n d .
(1 ) The in c id en ce  in  the p op u la tion  i s  one per 3 0 ,0 0 0 -
3 5 ,0 0 0 .
(2 ) There was one case  o f  Christm as d is e a se  to  every
5-6  w ith  haem oph ilia .
(3 ) In  tw o - f i f t h s  o f  the p a t ie n ts  no fam ily  h is to r y  o f
the c o n d it io n  was found.
(4 ) Problems o f  occu p ation  and m arriage were i n v e s t i ­
g a te d .
(5) Laboratory d i f f e r e n t ia t io n  o f  grades o f s e v e r i ty
by th rom b op lastin  g e n e ra tio n  and whole b lood
c lo t t in g  tim e are d e sc r ib ed .
(6 ) The nature o f the f i r s t  haem orrhagic in c id e n t and
th e cau ses o f  adm ission  to  h o s p ita l  are enumer­
a te d .
The tr a n s fu s io n  h is to r y  o f the p a t ie n t s  w ith  
r e fer e n c e  to  group, genotype and development 
o f  immune a n tib o d ie s  i s  d is c u sse d .
The c l i n i c a l  m a n ife s ta t io n s  o f th e  c o n d it io n  are  
d e scr ib ed  under th ese  h ead in gs:
(a
(b
(c
(d
(e
( f
/ S(h
( i
J3(k
haem arthrosis  
to o th  e x tr a c t io n  
t i s s u e  haematoma 
wound haemorrhage 
g a s t r o - in t e s t in a l  b le ed in g  
haem aturia  
e p is t a x is
n e u r o lo g ic a l co m p lica tio n s
o p era tio n s
fr a c tu r e s
m isc e lla n eo u s
haem ophilic pseudo tumour 
t o n s i l l a r  b leed in g  
h aem op tysis .
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CHAPTER ' 6
NEUROLOGICAL COMPLICATIONS OF HAEMOPHILIA 
AND CHRISTMAS DISEASE
CONTENTS
A c l i n i c a l  account of 10 p a t ie n ts  w ith  haem ophilia  
or  Christinas d is e a s e  who have developed n e u r o lo g ic a l  
damage as a consequence o f t h e i r  h aem ostatic  d e fe c t .
Case 1 -  Right h em ip leg ia .
2 -  S p in a l cord com pression .
3 -  Median and u ln a r  n e r v es .
4 -  Femoral n erve .
5 . -  A n ter io r  t i h i a l  n erve.
6  -  Fem oral, p o s te r io r  cutaneous o f th ig h
and s c i a t i c  n e r v es .
7 -  S c ia t ic  n erve .
8  -  L eft c ereb ra l haemorrhage.
9 -  Femoral nerve
10 -  Subarachnoid haemorrhage.
CHAPTER /6
NEUROLOGICAL COMPLICATIONS OF HAEMOPHILIA 
AND CHRISTMAS DISEASE
During th e  survey o f haem ophilia  and Christm as d is e a se  
d e sc r ib e d  in  th e  p rev io u s chapter^ a d e ta i le d  c l i n i c a l  study  
was made o f  the n e u r o lo g ic a l co m p lica tio n s which had d e v e l­
oped amongst th e se  p a t ie n ts  as a consequence o f  t h e ir  d i s ­
order .
E ig h t p a t ie n t s  w ith  n e u r o lo g ic a l l e s io n s  were observed  
among th e  e ig h ty -se v e n  p a t ie n ts  (74 w ith  haem ophilia  and 13 
w ith  Christm as d i s e a s e ) .  Of th ese  e ig h t  p a t ie n t s  6 had 
haem oph ilia  and 2 had Christm as d is e a s e .  A fu r th e r  two 
p a t ie n t s  are rep o rted  who d ied  as a consequence o f  the d e v e l  
opment o f  f a t a l  n e u r o lo g ic a l com p lica tion s o f the d is e a se ;  
one o f  th e se  belon ged  to  a Christmas d ise a se  fa m ily  but the  
e x a c t nature o f  the d e fe c t  in  the oth er  fataJL case was not 
e s ta b l is h e d .  The whole b lood  c lo t t in g  tim e , to g e th er  w ith  
the r e s u l t s  o f  the throm boplastin  g e n e ra tio n  t e s t  and the  
degree o f  s e v e r ity  o f th e  ca ses are noted in  Table 3 2  .
Case 1 . Male aged 51 y e a r s . D ia g n o s is :  Haem ophilia
At the age o f  10 years t h i s  p a t ie n t  develop ed  a r ig h t  hemi­
p le g ia .  His r e c o l l e c t io n  o f ev en ts  a t th a t tim e are vague.
b u t he remembers th a t he l o s t  the power o f sp eech  and th at 
h is  fa c e  and le g  were a f f e c t e d ,  but h is  arm l e s s  s o .  The 
power o f  sp eech  had retu rn ed  to  normal by th e  age o f  14 years  
when he took  h is  f i r s t  job .
On exam ination  in  1955 he was found to  have an upper 
m otor neurone l e s io n  o f  th e  r ig h t  arm and l e g .  A f le x io n  
d efo rm ity  o f  th e  r ig h t  w r is t  made him unable to  use the r ig h t  
hand. M uscle power at th e  elbow and sh ou ld er was reduced , 
b u t power in  th e  r ig h t  le g  was extrem ely  good. M uscle tone  
was in c r e a se d  in  the a f f e c t e d  lim b s , and the tendon r e f le x e s  
on the r ig h t  s id e  were very  b r is k .  The r ig h t  p la n ta r  r e f l e x  
was e x te n so r . Abdominal r e f l e x e s  were p r e s e n t . There was 
no sen sory  lo s s  and c r a n ia l nerves were norm al. No abnorm al­
i t y  o f  sp eech  was d e te c te d .
Comment: In tr a c r a n ia l haemorrhage in  th e  l e f t  c ereb ra l
hem isphere r e s u lt in g  in  a r ig h t  h em ip leg ia .
Case 2 . Male aged 16 y e a r s . D ia g n o s is :  H aem ophilia .
On March 1 0 th , 1955, th is  p a t ie n t  f e l l  a d is ta n c e  o f  about 
tw enty f e e t  on t o  sand. On r is in g  he had s l i g h t  back p a in  
but was a b le  to  w alk . For the su cceed in g  tw en ty -fo u r  hours 
he had r e te n t io n  o f  u r in e  w hich req u ired  c a th e te r is a t io n  on 
March 1 1 th . At t h i s  tim e he was observed to  move both  l e g s .  
By March 12th  he had l o s t  the power o f b o th  le g s  and examina­
t io n  r e v e a le d  a sen sory  l e v e l  a t  the n in th  th o r a c ic  ro o t w ith
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absence o f  sa c r a l sp a c in g .
A d ia g n o s is  o f  cord com pression by a haematoma was made 
and he was tr a n s fe r r e d  to  th e  R a d c lif fe  In firm ary , O xford, 
under th e  care o f  Mr. J . Pennybacker and Dr. R. G. M acfarlane. 
An e x te n s iv e  throaco-lum bar lam inectom y was perform ed w ith  
rem oval o f  e x tr a th e c a l c lo t  under the h aem osta tic  cover o f  
b ov in e  a n tih a em o p h ilic  g lo b u lin .
S ix  months l a t e r  th ere  was l i t t l e  a p p rec ia b le  change in  
th e  sen so ry  l e v e l  and the p a r a ly s is  was remarkably s p a s t ic  
th e  e x tr e m it ie s  b e in g  h e ld  t i g h t l y  in  th e  s c i s s o r  p o s i t io n .
Comment: In tr a th e c a l haemorrhage over the course o f
f o r t y - e ig h t  h ou rs, fo llo w in g  trauma to  the back r e s u lt e d  in  
s p in a l  cord com pression w ith  s ig n s  o f tr a n s e c t io n  a t th e  l e v e l  
o f  th e  n in th  th o r a c ic  r o o t .
Case 3 . Male aged 26 y e a r s . D ia g n o s is :  H aem ophilia.
In  March, 1951 , the p a t ie n t  f e l l ,  b r u is in g  the r ig h t  forearm  
w hich r a p id ly  became sw o llen  and very  p a in fu l .  The fo l lo w in g  
day he n o t ic e d  th a t the t ip s  o f the f in g e r s  were numb, and 
th a t  when he touched  them ‘p in s  and n e e d le s ’ were f e l t .  The 
numb se n s a t io n  r a p id ly  spread over the hand to  th e  l e v e l  o f  
the w r i s t .  I n i t i a l l y  hand movements were l im ite d  by the  
p a in  in  th e  forearm , but as t h is  became l e s s  se v er e  he found  
th a t  he could  use n e ith e r  hand nor w r is t  and th a t he had d e­
ve lop ed  a claw hand.
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E xam ination r e v e a le d  lo s s  o f  s e n s a t io n  over the r ig h t  
hand in  b o th  u ln ar  and median nerve d is t r ib u t io n  t o  th e  l e v e l  
o f  th e  w r i s t .  He was tr e a te d  i n i t i a l l y  by l i g h t  massage and 
p a s s iv e  movements, p r o g r ess in g  to  a c t iv e  e x e r c is e  and occupa­
t io n a l  th era p y . Complete recovery  took p la c e  in  the course  
o f  a y e a r .
Comment: Median and u ln ar nerve p a l s i e s  were produced
by th e  p ressu re  o f a haematoma in  the r ig h t  forearm .
Case 4 . Male aged 44 y e a r s . D ia g n o s is :  H aem ophilia .
Two e p iso d e s  o f  b le e d in g  In the m uscles o f  th e  r ig h t  g r o in ,  
the f i r s t  2 0  y ears ago and the second 1 2  years ago , were 
fo llo w e d  by l o s s  o f  s e n s a t io n  over the fr o n t  o f  th e  th ig h  
and l e g .
On exam ination  in  1955 th ere  was obviou s w a stin g  o f  th e  
r ig h t  q u adriceps m u sc le . H aem arthrosis a f f e c t in g  b o th  knee 
j o in t s  made in te r p r e ta t io n  o f  th e  r e f le x e s  im p o ss ib le . S en ­
s a t io n  to  p in  p r ick  and touch was l o s t  throughout th e  d i s ­
t r ib u t io n  o f  the r ig h t  fem oral n erv e . The c e n tr a l nervous 
system  was oth erw ise  norm al.
C omment: The r ig h t  fem oral nerve was in v o lv e d  on two
o c c a s io n s  by haemorrhage in  the r ig h t  g r o in , r e s u l t in g  in  
e x te n s iv e  sen so ry  lo s s  and w astin g  o f  th e  r ig h t  q u a d r icep s.
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Case 5 . Male aged 4 y e a r s . D ia g n o s is :  H aem op hilia .
T h is smal3. hoy had been  su b je c t  to  haem orrhagic e p is o d e s
s in c e  in fa n c y . In  1954 , a t  the age o f  th ree  y e a r s ,  he was 
ad m itted  t o  h o s p i t a l  w ith  b r u is in g  o f  th e  dorsum o f  th e  r ig h t  
f o o t ,  th e  r ig h t  forearm  and o f  the abdomen.
On exam in ation  he was found t o  have p a r a ly s is  o f  th e  d or-  
s i f l e x o r s  o f  th e  r ig h t  f o o t .  He was tr e a te d  by p h y sio th era p y  
and an a p p lia n ce  to  p rev en t s t r e t c h in g  o f th e  a n te r io r  m u sc le s . 
Complete reco v ery  took  p la c e  w ith in  one y e a r .
Comment: A r ig h t  drop fo o t  was an in c id e n ta l  f in d in g  in
a c h i ld  ad m itted  w ith  e x te n s iv e  b r u is in g . The l e s i o n  was 
presumed to  be due to  haem orrhagic involvem ent o f  th e  a n te r io r  
t i b i a l  n e r v e .
Case 6 . Male aged 20 y e a r s . D ia g n o s is :  C hristm as
d is e a s e .  In  J u ly , 1952 , a f t e r  some u n u su a lly  stren u o u s a c t ­
i v i t y ,  he was aware o f  s t i f f n e s s  in  th e  m u scles  o f  th e  l e f t  
upper th ig h , a lth o u g h  t h i s  d id  not p rec lu d e  him from w a lk in g . 
Two weeks l a t e r ,  on go in g  u p s t a ir s ,  he f e l t  a wrench in  h i s  
l e f t  g r o in , w hich r a p id ly  became very  p a in f u l .  He was tr a n s ­
fe r r e d  to  h o s p i t a l ,  where th e  l e f t  h ip  was im m ob ilised  fo r  
th r ee  weeks in  a p la s t e r  s p ic a .  When th e  p la s t e r  was removed 
the p a t ie n t  noted  lo s s  o f  s e n s a t io n  over the fr o n t  o f  the l e f t  
th ig h  and m ed ial su r fa c e  o f  th e  l e f t  l e g .
I n  J a n u a r y ,  1955 ,  w i t h o u t  a p p a r e n t  c a u s e ,  t h e  p a t i e n t
develop ed  a s w e ll in g  in  th e  l e f t  b u tto c k . I n i t i a l l y  th e  
a f f e c t e d  s id e  was s w o lle n , p a in fu l  and t e n s e ,  but l a t e r  
b r u is in g  became o b v io u s . S in c e  t h i s  ep iso d e  th e  p a t ie n t  has 
been  aware o f  l o s s  o f  s e n s a t io n  over  the back o f  th e  l e f t  
th ig h .
On exam in ation  in  th e  summer o f  1955 , th e r e  was p a r t i a l  
a n k y lo s is  o f  th e  l e f t  knee from an o ld  h a e m a rth ro s is , w ith  
some d im in u tion  o f  power in  the l e f t  q u ad ricep s m u sc le , w hich  
showed one and th r ee  q u arter  in c h e s  o f  w a s t in g . B oth th e  
l e f t  knee and ankle jer k  were a b se n t , w h ile  o th er  tendon  
r e f l e x e s  were norm al.
S e n s a t io n  to  p in p r ic k  was l o s t  over th e  a n te r io r  su r fa c e  
o f  the low er th ir d  o f  th ig h , and Im paired over the same 
a sp ec t p o s t e r io r ly .  M e d ia lly , s e n s a t io n  to  p in p r ic k , tou ch  
and tem perature was l o s t  from the l e v e l  o f  th e  knee j o in t  t o  
th e  m ed ial m a lle o lu s  o f  th e  l e f t  a n k le .
No o th er  ab n orm ality  was d e te c te d  in  th e  nervous sy stem . 
The d ia g n o s is  o f  a haem orrhagic d ia t h e s i s  was n ot e s t a b l i s h e d  
in  t h i s  p a t ie n t  u n t i l  1955 .
Comment: In  1 9 52 , haemorrhage in  th e  l e f t  fem ora l t r i ­
an g le  caused  e x te n s iv e  damage t o  th e  fem ora l nerve w ith  r e ­
s u l t in g  sen so ry  l o s s  over th e  sk in  d i s t r ib u t io n  o f  i t s  th r ee  
main d iv i s io n s .
In  1955, haemorrhage in  the l e f t  b u tto c k  I m p a i r e d  th e
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fu n c t io n  o f  th e  p o s t e r io r  cutaneous nerve o f  th e  th ig h  in  
i t s  p o s i t io n  deep to  th e  g lu te u s  maximus. As t h i s  nerve  
l i e s  in  c lo s e  p r o x im ity  to  th e  s c i a t i c  n e r v e , damage to  
m otor f ib r e s  in  the l a t t e r  would accou nt fo r  absen ce o f  the  
l e f t  ankle jerk  .
Case 7 . Male aged 26 y e a r s .  D ia g n o s is :  C hristm as
d is e a s e  (by in fe r e n c e  from in v e s t ig a t io n  o f  the c o a g u la t io n  
d e fe c t  in  a f f e c t e d  r e l a t i o n s ) .  T h is  p a t ie n t  was a d m itted  
t o  h o s p i t a l  in  coma and d ie d . He was known t o  s u f f e r  from  
a haem orrhagic d ia t h e s i s  and had been  l a b e l l e d  as a nhaemo~ 
p h i l i a c ff, the fa m ily  h i s t o r y  b e in g  p o s i t i v e .  At the tim e i t  
was n ot a p p re c ia te d  th a t  th e r e  were two ty p e s  o f  h aem op h ilia  
and th e  p a t ie n t  was n ot c l a s s i f i e d  by th r o m b o p la s tin  g e n e r a ­
t io n  in t o  a n tih a em o p h ilic  g lo b u l in  or C hristm as f a c t o r  d e f i c ­
ie n c y . Subsequent a ssessm en t o f  a f f e c t e d  r e l a t i v e s  e s t a b ­
l i s h e d  C hristm as fa c to r  d e f ic ie n c y  and th e  a v a i la b le  ev id en ce  
in d ic a te s  th a t  the d e fe c t  i s  g e n e r a l ly  c o n sta n t in  a f f e c t e d  
f a m i l i e s .
The h is to r y  was o b ta in ed  from th e  fa th e r  who s t a t e d  th a t  
h i s  son  had com plained o f f r o n ta l  headache and r e t r o - o r b i t a l  
d isco m fo rt fo r  th ree  d a y s , but had rem ained a t  work u n t i l  
lu n ch  tim e on the day o f  ad m ission  t o  h o s p i t a l .  At t h i s  
tim e he had re tu rn ed  home and gone t o  b ed . Two hours l a t e r  
he was found u n c o n sc io u s .
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On exam in ation  he was d eep ly  com atose w ith  p a l l o r ,  
c y a n o s i3 and s te r to r o u s  b r e a th in g . The p u p ils  were unequal 
the l e f t  la r g e r  th an  th e  r i g h t ,  and u n r e a c tiv e  to  l i g h t .  A 
d iv e r g e n t  sq u in t was p r e s e n t .  A l l  fo u r  lim b s were s p a s t i c ,  
th e  tendon  r e f l e x e s  e x a g g e r a te d , and p la n ta r  r e f l e x e s  ex ­
t e n s o r .  Clonus was e l i c i t e d  a t  b o th  a n k le s .  O ptic  fu n d i 
were norm al. The b lo o d  p r e ssu re  was r a is e d  to  2 0 4 /1 0 0  mm.Hg, 
but th e  h e a r t was n o t e n la rg ed  c l i n i c a l l y .
The p a t ie n t  rem ained in  coma u n t i l  h i s  d ea th  two hours  
l a t e r .
A u to p sy : A la r g e  haemorrhage was p r e se n t  occu p yin g  th e
a n te r io r  two th ir d s  o f  the l e f t  c e r e b r a l h em isp h ere , w ith  
s e v e r a l  p u n c ta te  haem orrhages w ith in  th e  su b sta n ce  o f  th e  p o n s .
M a c r o sc o p ic a lly , th e  k id n eys appeared norm al, but m icro ­
s c o p ic  exam in ation  r e v e a le d  th ic k e n in g  and h y a lin e  change o f  
many a f f e r e n t  a r t e r io l e s  and g lom eru lar  c a p i l l a r i e s ,  in d ic a t ­
iv e  o f  a r t e r i a l  h y p e r te n s io n .
Cormnent: F a ta l in tr a c e r e b r a l  haemorrhage o f  the l e f t
h em isp h ere .
Case 8 . Male aged 27 y e a r s . D ia g n o s is : C hristm as
d is e a s e .  T h is p a t ie n t  has had th r e e  se p a r a te  e p is o d e s  o f  
haemorrhage in  the l e f t  b u tto c k . The f i r s t ,  in  1 9 4 2 , r e ­
s u l t e d  in  w eakness o f h i s  l e f t  f o o t .  The seco n d , in  1944 , 
was fo llo w e d  by im p a i r e d  s e n s a t i o n  in  the l a t e r a l  a s p e c t  o f
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th e  l e f t  l e g  and over the dorsum o f  th e  f o o t .  The t h ir d  
and m ost se v er e  ep iso d e  was in  1 9 4 6 , s in c e  w hich th e  p a t ie n t  
has dragged th e  l e f t  f o o t  on w a lk in g .
E xam ination in  1955 r e v e a le d  in vo lvem en t o f  th e  l e f t  
knee and an k le  j o in t  by in t r a - a r t i c u la r  haem orrhage. Com­
pared w ith  th e  r ig h t  l e g ,  th e  l e f t  th ig h  showed two and a 
h a l f  in c h e s , and th e  l e f t  c a l f  th ree  and a q u a rte r  in c h e s ,  
o f  w a s t in g . Power to  d o r s i f l e x  th e  l e f t  an k le  was l o s t ,  
w h ile  p la n ta r  f l e x i o n  was v ery  weak. The l e f t  ank le  jer k  
was a b s e n t , bu t th e  l e f t  knee jer k  was norm ally  b r i s k .
S e n s a t io n  to  p in p r ic k , to u c h , and tem perature was l o s t  
over the dorsum o f  the f o o t ,  e x ce p t fo r  a s t r ip  a lon g  th e  
m ed ia l b o rd er . S e n s a t io n  to  p a in  and tem perature was im paired  
over the l a t e r a l  a sp e c t  o f  th e  l e g .
Comment: Damage to  th e  s c i a t i c  nerve in  th e  l e f t  b u tto c k
occurred  on each o f  th r e e  o c c a s io n s , r e s u l t in g  in  m otor weak­
n e ss  and sen so ry  l o s s  below  th e  kn ee.
Case 9 . Male aged 9 y e a r s .  D ia g n o s is :  C hristm as
d is e a s e .
On th e  morning o f  th e  day b e fo re  ad m ission  t o  h o s p i t a l ,  
th e  p a t ie n t  f e l t  p a in  in  th e  l e f t  k n ee . A few hours l a t e r  
he became aware o f  d isco m fo rt in  th e  l e f t  g r o in  and observed  
th a t the fr o n t o f  th e  l e f t  th ig h  had become numb. A few days 
b efo re  the o n set o f  th e se  symptoms he had r e c e iv e d  a very
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t r i v i a l  in ju r y  t o  th e  l e f t  g r o in .  When ad m itted  to  h o s p i t a l  
th ere  was ev id en ce  o f  sev ere  haem orrhage, th e  p a t ie n t  b e in g  
p a le  and r e s t l e s s .  The p u lse  was 1 6 0 /m in u te , b lo o d  p r e ssu r e  
b e in g  s y s t o l i c  95 and d i a s t o l i c  45 rams. Hg. and haem oglobin  
40$ . A la r g e  s w e l l in g  b o th  v i s i b l e  and p a lp a b le  was p r e se n t  
in  the l e f t  i l i a c  f o r s a .  T h is  was firm  and ten d er  t o  th e  
to u ch . E xam ination o f  the nervous system  r e v e a le d  se n so ry  
l o s s  throughout th e  d i s t r ib u t io n  o f  th e  l e f t  fem oral nerve  
w ith  w eakness o f  th e  l e f t  qu ad ricep s m uscle and l o s s  o f  the  
l e f t  knee je r k . The shock responded t o  the a d m in is tr a t io n  
o f  two p in t s  o f  b lood  on two sep a ra te  o c c a s io n s  but the  
fem oral nerve l e s i o n  has p e r s i s t e d .  An X-Ray o f th e  a b ­
domen i s  shov/n in  f ig u r e  / .
Comment: Femoral nerve in volvem ent by  a haematoma o f
l e f t  I l io - p s o a s  m u sc le .
Case 1 0 . Male aged 48 y e a r s . D ia g n o s is ;  un determ ined . 
T h is p a t ie n t  had been  a known ?,h a em o p h ilia cn . S in ce  in fa n c y  
he had been  su b je c t  to  numerous e p iso d e s  o f  b le e d in g  from the  
gums, n o se , e a r s ,  r e n a l and g a s t r o - in t e s t in a l  t r a c t s  and in to  
the j o i n t s .  He had never been a b le  to  work. A m atern a l 
u n cle  had been s im i la r ly  a f f e c t e d  and had d ie d  fo l lo w in g  
appendicectom y. T h is p a t ie n t  was se en  in  1951 when d i f f e r ­
e n t ia t io n  in to  haem oph ilia  or C hristm as d is e a s e  was n o t y e t  
r e c o g n ise d . No l i v i n g  a f f e c t e d  r e l a t i v e s  were  a v a i l a b l e  f o r
F igu re  (1 22 )
P i ^ u r e  ( j . P P )
X-Ray o f  abdomen in  a boy w ith  C hristinas d is e a s e  
and l e f t  fem ora l nerve p a r a ly s i s .  The m assive  i l io p s o a s  
haematoma h as b een  dem arcated in  p e n c i l  on th e  f i lm .
<
*
-  -
au top sy  b e in g  r e fu s e d .
Comment: A lthough t h i s  p a t ie n t  was a f f l i c t e d  by numer­
ous haem orrhagic e p iso d e s  in  th e  p a s t ,  subarachnoid  haemorrhage 
a t  th e  age o f  48 y ea rs was th e  f i r s t  ep iso d e  a f f e c t in g  th e  
nervous system  and u n fo r tu n a te ly , proved  f a t a l .
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TABLE 3 2
Case
Whole B lood  
C lo t t in g  Time 
(Range 1 0 -2 0 ')
j
i
T hr omb op 1 a s t  i  n 
G en era tion  T e st  
(d e f ic ie n c y  o f  
a n tih a em o p h ilic  
g lo b u lin  or 
C hristm as f a c t o r )
S e v e r i ty  o f  
D ise a se
N e u r o lo g ic a l
L e s io n
Case (1 ) 90 m in s. * i A n tih a em o p h ilicg lo b u lin
d e f ic ie n c y
S evere R igh t
h e m ip leg ia
Case (2 ) 90 m in s . t  ; A n tih aem op h ilic
g lo b u lin
d e f ic ie n c y
S evere S p in a l cord  
com p ression
Case (3) 15 m in s. A n tih a em o p h ilic
g lo b u lin
d e f ic ie n c y
Moderate Median and 
u ln a r  n erv es
Case (4) 50 m in s. Ant ihaem ophil i  c
g lo b u lin
d e f ic ie n c y
S evere Femoral n erves
Case (5 ) 90 m in s.
|
A n tih aem op h ilic
g lo b u lin
d e f ic ie n c y
I
S evere A n te r io r  
t i b i a !  nerve
Case
!
j
1
— — ——
( 6 ) 2 0  m in s . j C hristm as fa c to r  ; 
d e f ic ie n c y
M oderate F em oral, 
p o s t e r io r  
cutane ous o f  
th ig h  and 
s c i a t i c  n erv es
Cage (7 ) , 15 m in s . |
|
C hristm as fa c t o r  
d e f ic ie n c y
Moderate S c i a t i c  n erv es
Case (8 ) ' ?
i
C hristm as f a c t o r  
d e f ic ie n c y  on 
exam in ation  o f  
o th er  members o f  
th e  fa m ily
M oderate L e f t  c e r e b r a l  
haemorrhage
Case (9 ) 90 m in s . + C hristm as f a c t o r  ; 
d e f ic ie n c y
M oderate Fem oral n erv es
Case ( 1 0 ) 90 m in s . + - S e v e re S ub a r  a  c hn o 1d 
haemorphage
DISCUSSION
In  1944 A g g e ler  and L u cia  have p u b lish e d  a d e t a i le d  r e ­
view  o f  th e  l i t e r a t u r e  up to  th a t  t im e , on th e  n e u r o lo g ic a l  
c o m p lic a t io n s  o f  h a em o p h ilia . T hese c o m p lic a tio n s  are n ot  
uncommon o ccu rr in g  in  te n  per cen t o f  the p a t ie n t s  se e n  in  
th e  W est o f  S c o t la n d . The s e r io u s  consequ en ces o f  su ch  in ­
t e r n a l  haemorrhage can be r e a d i ly  a p p re c ia te d  from th e  ca se  
r e p o r t s .  An a n a ly s is  was made o f  the tim e in t e r v a l  betw een  
th e  o n se t  o f  th e se  l e s io n s  and th e  f u l l y  e s t a b l i s h e d  n e u r o l­
o g ic a l  damage. From t h i s  i t  was determ ined  th a t e a r ly  c o r ­
r e c t io n  o f  the h a em o sta tic  d e fe c t  m ight p r e v en t th e  f u l l y  
e s t a b l i s h e d  n e u r o lo g ic a l  trauma.
These n e u r o lo g ic a l  l e s io n s  se rv e  a ls o  t o  con firm  th e  
g r e a t  im portance o f  b lo o d  th ro m b o p la stin  in  p h y s io lo g ic a l  
h a e m o sta s is . A pow erfu l t i s s u e  th ro m b o p la stin  can be p r e ­
pared from th e  b r a in  or o th er  t i s s u e s  o f  p a t ie n t s  who have  
d ie d  from h aem op h ilia  or C hristm as d is e a s e ;  d e s p ite  t h i s  
the p a t ie n t s  d e sc r ib e d  have s u f fe r e d  th e  consequence o f  
b le e d in g  in t o  t i s s u e s .
S U M M A R Y
(1 ) A c l i n i c a l  stu d y  has been  made o f  th e  n e u r o lo g ic a l  
l e s io n s  w hich may d eve lop  as a consequence o f  
in te r n a l  haemorrhage in to  t i s s u e s ,  in  h aem op h ilia  
and C hristm as d i s e a s e .
( 2 ) Ten p a t ie n t s  showed e v id en ce  o f n e u r o lo g ic a l  damage.
The l e s io n s  in c lu d ed  a r ig h t  h e m ip le g ia , t r a n s e c t io n  
o f  th e  cord from com p ression  by haematoma, l e f t  c e r e b r a l  
haem orrhage, subarachnoid  haemorrhage and p e r ip h e r a l  
nerve dam age-m edian, u ln a r , fem o r a l, s c i a t i c  and p o s ­
t e r i o r  cu taneous o f  th ig h .
(3 ) In  th e  management o f  th e s e  p a t ie n t s  the v a lu e  o f  e a r ly
rep lacem ent th erap y w ith  a n tih a em o p h ilic  g lo b u lin  
or th e  C hristm as fa c to r  i s  d is c u s s e d .
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COAGULATION DISTURBANCE IN THE FEMALE 
RELATIVES OF HAEMOPHILIACS
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Homozygous and h e tero zy g o u s h aem op h ilic  d e f e c t  in  
fe m a le s .
D e s c r ip t io n  o f  th ree  fem ale members o f  h aem op h ilic  
f a m i l ie s  w ith  h a em o sta tic  d e f e c t s .
D em on stration  in  d e t a i l  o f  A.H.G. d e f ic ie n c y  in  
th e  daughter o f  a h aem op h iliac  (Case 2 ) .
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CHAFTBR n
COAGULATION DISTURBANCE IN THE FEMALE 
RELATIVES OF HAEMOPHILIACS
Homozygous and h e tero zy g o u s h aem op h ilic  d e f e c t  in  f e m a le s .
One o f  th e  m ost s t r ik in g  f e a tu r e s  o f  h aem op h ilia  i s  
i t s  mode o f  in h e r ita n c e  and t h i s  has been d e sc r ib e d  in  
g r e a te r  d e t a i l  in  Chapter . One o f  th e  a c c e p te d  f e a tu r e s  
o f  the c o n d it io n  i s  i t s  a lm ost e x c lu s iv e  l im i t a t io n  to  th e  
m a le . S in c e  th e  fem ale tr a n s m it te r s  are g e n e r a l ly  h e t e r ­
ozygous fo r  the d e f e c t  th ey  do n ot e x h ib i t  any a b n o rm a lity .
In  th e  ex trem ely  rare  e v en t o f  the m arriage o f  an a f f e c t e d  
male and a tr a n s m it te r  fe m a le , a homozygous fem ale can th e o ­
r e t i c a l l y  o ccu r . The fem ale p a t ie n t s  d e sc r ib e d  by M erskey 
(1 9 5 1 ) , I s r a e l s ,  Lempert and G ilb e r ts o n  (1951) and P in n ig e r  
and Franks (1951) are a lm ost c e r ta in ly  exam ples o f  t h i s  ty p e  
o f  in h e r ita n c e .  These p a t ie n t s  had th e  c l i n i c a l  f e a t u r e s  o f  
h aem op h ilia  and as a s s e s s e d  by th e  la b o r a to r y  m ethods a v a i l ­
a b le  a t  th e  tim e had th e  n e c e ssa r y  c r i t e r i a  fo r  making the  
d ia g n o s is .  They were however in v e s t ig a t e d  b e fo r e  th e  r e c o g ­
n i t i o n  o f  th e  C hristm as d e fe c t  -  w hether th ey  r e p r e se n t  d e ­
f i c i e n c i e s  o f  a n tih a em o p h ilic  g lo b u lin  or o f  th e  C hristm as 
f a c t o r  or o f  both  i s  not known.
Merskey and M acfarlane (1951) s tu d ie d  th e  prothrom bin
consum ption in  h aem op h ilic  tr a n s m itte r s  and found th a t  in  
th e  s e r i e s  in v e s t ig a t e d  th e re  was an o v e r a l l  d e f ic ie n c y  in  
prothrom bin u t i l i s a t i o n  h u t th a t  in d iv id u a l  d i f f e r e n c e s  cou ld  
n ot h e  dem onstrated  w ith  c e r t a in t y .
D e s c r ip t io n  o f  th r ee  fem ale members o f h aem op h ilic  f a m i l ie s  
w ith  h a e m o sta tic  def e c t s .
Three fem ale  p a t ie n t s  b e lo n g in g  to  h aem op h ilic  f a m i l i e s ,  
have b een  in v e s t ig a te d , by me on accou nt o f  an abnormal te n d ­
ency t o  haem orrhage. The f i r s t  o f  th e se  (Case (1 ))  was 
se e n  in  1949 a t  a tim e when i t  was n ot p o s s ib le  t o  make th e  
d e t a i le d  a ssessm en t which was made on th e  o th e r  tw o . C ases
(2 ) and (3 ) were in v e s t ig a t e d  in  g r e a te r  d e t a i l  u s in g  modern 
tec h n iq u es  and d e f ic ie n c y  o f A.H.G. d em on strated . Case (1 ) 
was c l i n i c a l l y  more s e v e r e ly  a f f e c t e d  than Case ( 2 ) ,  who In  
tu rn  was more so  th a n  Case ( 3 ) .  Case (1 )  had from th e age o f  
two y ea rs  r e c u r r e n t  h aem arth roses, b le e d in g  a f t e r  to o th  e x ­
t r a c t io n  and from sc a lp  wounds. In  the second ca se  th e  
d e fe c t  was on ly  e s ta b l is h e d  in  a d u lt  l i f e  f o l lo w in g  t o n s i l l e c t ­
omy and in  th e  th ir d  fo l lo w in g  to o th  e x tr a c t io n . The f i r s t  
p a t ie n t  was th e  daughter o f  a s i s t e r  o f  a haem ophilia,c and 
had s e v e r a l  a f f e c t e d  male c o u sin s  (se e  f ig u r e  I Z 5 ) .  The
second was th e  daughter o f  a h aem op h iliac  and was th e r e fo r e  
p o t e n t ia l ly  a tr a n s m it te r  o f  th e  c o n d it io n :  th e  t h ir d  was
th e  s i s t e r  o f  two m ild ly  a f f e c t e d  h a em o p h ilia cs  (C ases 7^ * Zo 
in  th e  m ain s e r ie s ) .
F igu re  (123 )
Haemorrhagic s t a t e  in  a fem ale member o f  a 
h a em o p h ilic  fa m ily ;  fa m ily  t r e e .
Q 3 u n a f fe c te d  m a le . 
g  -  a f f e c t e d  m a le .
0  a fe m a le .
Case number
rI I  1 £ 72
I I I 17 - 82
I I I 18 = 83
- I I I 19 53
I I I 28 a 42
I I I 29 = 43
-IV 1 27
IV 2 28
IV 3 = 29
The numbers in s e r t e d  were to  red u ce th e  sp ace  
e . g .  3 Q  - 3 m ale u n a f f e c t e d .
I l l  37 was th e  fem ale  w ith  th e  s i g n i f i c a n t  
haem orrhagic ten d en cy  -  marked 0
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Caae ( 1 ) Aged 1 5 .
I t  w i l l  be  se e n  from f ig u r e  '2  3 th a t  t h i s  g i r l ’s m other  
had an a f f e c t e d  b r o th e r  in  whom A.H.G. d e f ic ie n c y  was e s t a b ­
l i s h e d .  On th e  m atern al s id e  a ls o  she had s e v e r a l  a f f e c t e d  
male c o u s in s .  There was a h is to r y  o f  s t i f f n e s s  and s w e l l in g  
o f  th e  knee, j o in t s  from the age o f  2 y e a r s .  B etw een th e  ages  
o f  5 and 12 years she was in  the R oyal Hos£>ital fo r  S ic k  
C h ild ren , G lasgow , on many o c c a s io n s  -  w ith  h a e m a r th r o s is , 
b le e d in g  from to o th  s o c k e ts  and sc a lp  wounds. The r ig h t  knee 
was m ost f r e q u e n t ly  the s i t e  o f  h aem arth rosis  and sh e  d e v e l ­
oped a d e fo rm ity  o f  t h i s  n e c e s s i t a t in g  o r th o p a ed ic  trea tm en t  
over a p e r io d  o f  two y e a r s .  M en stru ation  s t a r t e d  a t  th e  
age o f  14 y e a rs  and th e  m en stru a l p e r io d s  had been  r e g u la r  
l a s t i n g  3 -4  days every  month and th e  l o s s  had never  b een  e x ­
c e s s i v e .
On p h y s ic a l  exam in ation  th e  o n ly  ab n orm ality  was o f  w e l l  
marked c r e p itu s  on movement o f  b o th  k n e e s . She was a d m itted  
to  P r o fe sso r  D avis ’ wards in  th e  R oyal In firm ary  when th r ee  
t e e t h  were e x tr a c te d . The p a t ie n t  b le d  fo r  14 days t h e r e ­
a f t e r ,  th e  haem oglobin a t  one s ta g e  b e in g  down to  49^ . She 
req u ire d  7 p in t s  o f  b lo o d  by t r a n s fu s io n  a t  t h i s  t im e .
Some weeks a f t e r  her d isc h a r g e  from, h o s p i t a l  she was 
u n fo r tu n a te ly  in ju r e d  in  a s t r e e t  a c c id e n t  and d ie d  a s a 
con seq u en ce , p r e v e n tin g  her su bseq uent r e a sse ssm e n t by modern
3 9 9 -
m ethods. The w hole b lood  c l o t t i n g  tim e was abnormal and 
on one o c c a s io n  was over one hour.
Case ( 2 ) .
T h is in t e r e s t in g  p a t ie n t  was r e fe r r e d  to  se e  me by D r. 
I a in  Cook o f  th e  Southern  G eneral H o sp ita l in  G lasgow . She 
was an unm arried woman o f  28 y e a rs  and was s e e n  in  O ctober  
1 9 5 5 . Her fa th e r  was s a id  to  have d ie d  o f  h a em o p h ilia  in  
1927 , a few months b e fo r e  th e  p a t ie n t  was b o r n . Prom th e  
p a t i e n t ’s m other some accou nt was o b ta in ed  o f  her hu sb an d ’s 
c o n d it io n . The d e t a i l s  p rov id ed  su g g e s te d  th a t  he was a 
h aem op h iliac  o f  on ly  m oderate s e v e r i t y  as th e r e  was no h i s ­
to r y  o f  h a e m a rth ro s is . He had se rv e d  fo r  two y e a r s  in  th e  
Cameron H igh lan d ers d u rin g  the 1914 -18  war b e fo r e  b e in g  d i s ­
charged on account o f  h is  c o n d it io n . In  1918 and a g a in  in  
1924 he had t o  be ad m itted  to  h o s p i t a l  b eca u se  he b le d  f o r  
two weeks fo l lo w in g  to o th  e x t r a c t io n s .  An in ju r y  t o  th e  to e  
a l s o  b le d  fo r  two w eek s. He was ad m itted  t o  th e  R oyal In ­
f irm a r y , G lasgow , in  1927 on accou nt o f  g a s t r o - i n t e s t i n a l  
b le e d in g  and d ie d  th ree  days a f t e r  a d m iss io n ; th e r e  was no 
a u to p sy . The fa m ily  h i s t o r y  was in  keep in g  w ith  th e  in h e r ­
ita n c e  o f  h aem op h ilia  -  s e e  f ig u r e  '^ 4  .
The p a t ie n t  h e r s e l f  gave a h is to r y  o f  b e in g  v e r y  r e a d i ly  
b r u ise d  a l l  her l i f e .  At 9 y e a rs  o f  age she f e l l  a s t r id e  a
F ig u r e  ( 1 2 4 )
H aem orrhagic s t a t e  in  a fem ale h aem op h ilic  
tr a n s m it te r ;  fa m ily  t r e e .
Q  u n a f fe c te d  m a le , 
p  a f f e c t e d  m a le .
0" fe m a le .
V 10 was th e  fem ale w ith  s i g n i f i c a n t  haem orrhagic  
ten d e n c y .
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desk a t  sc h o o l and in ju r e d  th e  v a g in a , b le e d in g  from t h i s  
f o r  n in e  d a y s; she was s e r io u s ly  i l l  a t  t h a t  t im e . She 
has had th r ee  t e e th  ou t on se p a r a te  o c c a s io n s  and has b le d  
fo r  5 days from each  o f  th e s e  e x t r a c t io n s .  She had an op­
e r a t io n  f o r  appendicectom y and a t  o p e r a tio n  i t  was found th a t  
the cause o f  th e  p a in  was haemorrhage from one o f  th e  o v a r ie s . 
The p e r io d s  form erly  l a s t e d  9 -1 0  days b u t s in c e  a f!D & CM 
th ey  have o n ly  la s t e d  4 -5  d a y s .
The p a t ie n t  came under rev iew  on accou nt o f  se v er e  
haemorrhage fo l lo w in g  t o n s i l le c t o m y , t h i s  r e q u ir in g  th e  
tr a n s fu s io n  o f  4 p in t s  o f  b lo o d .
The p a t i e n t ’s s i s t e r  i s  sa id  t o  be s im i la r ly  a f f e c t e d  
b u t u n fo r tu n a te ly  as she l i v e s  in  E ngland , has n o t y e t  b een  
exam ined. She a l s o  b le e d s  fo r  f i v e  days fo l lo w in g  to o th  
e x tr a c t io n  and had se v e r e  haemorrhage fo l lo w in g  t o n s i l l e c t o m y .  
T h is b le e d in g  co n tin u ed  fo r  a t  l e a s t  a week a f t e r  the rem oval 
o f  th e  t o n s i l s .  There was one b r o th e r  who showed no abnorm­
a l i t y  .
The fo l lo w in g  are th e  r e s u l t s  on th e  p a t i e n t : -
H ess t e s t  -  n e g a t iv e .
B le e d in g  tim e - 4 m in u te s .
Q u ick ’s t e s t  C = 19 P = 1 9 .
Whole b lo o d  c lo t t i n g  tim e (method ( 1 ) )  = 2 0 ’ 
Prothrom bin consum ption in d ex  (M erskey)= 50$
P l a t e l e t  count -  3 2 0 ,0 0 0  p er  cu . mm.
Calcium  c l o t t i n g  t im e s : -
4 0 / -
0 .5  Normal 
0 .5  Haem. 
0 .5  Xmas 
0 .5  P a t ie n t
= 3 *
= 8* 
= 1 0 i f 
* 4 £ T
0 .4 7 5  Haem. 
0 .0 2 5  Nor.
0 .4 7 5  Haem. 
0 .0 2 5  P a t ie n t
0 .4 7 5  Xmas 
0 .0 2 5  N or.
0 .4 7 5  Xmas 
0 .0 2 5  P a t ie n t
6*'
*  4 i
= 4
Volumes in  m l.
fh r o m b o p la stin  g e n e r a t io n  t e s t
Nor. a l .  p l a s .  
N or. serum
P a t. a l .  p l a s .  
P a t . serum
N or. a l . p l a s . 
P a t . serum
P a t . a l . p l a s . 
N or. serum
P l a t e l e t s  c o n sta n t  
42 11 9 10
20
11
76
20 19
11 10 
57 29
17
10
15
11
17
11
13
11
18
10
15
D em on stration  o f  A.H .G . d e f i c i e n c y .
A.H.G-. a s sa y  -  T p l. g e n . a t  6 f 
N or. 100#  12"
5 0#  15
2 5#  15
12#  18
6 # 22
5#  30
0 60
P at 50#
25#
28
31
4 0 2 -
F igu re  125 i l l u s t r a t e s  th e  i n a b i l i t y  o f  t h i s  p a t i e n t f s 
adsorbed plasma to  c o r r e c t  th e  th ro m b o p la stin  d e fe c t  in  
adsorbed h aem op h ilic  p lasm a.
Christm as f a c t o r  a ssa y :
100$ Normal 
50$
25$
12$
6$
3$
0$
12
13
14 
20 
25 
21 
43
50$ P a t ie n t  13 
25$ 11 13
F ig u re  126 shows th e  r e s u l t s  on th e  th ro m b o p la stin  
g e n e r a tio n  t e s t  when comparing th e  adsorbed  plasma from  
th e  p a t i e n t ,  th e  normal and s e v e r a l  h a e m o p h ilia cs . I t  
w i l l  be seen  th a t  th e  d e fe c t  in  t h i s  p a t ie n t  i s  com parable  
w ith  th a t  o f a m ild  h a em o p h ilia c .
F igu re  127 shows th e  f a i lu r e  o f plasm a from t h i s  
p a t ie n t  to  c o r r e c t  th e  d e f e c t iv e  prothrom bin consum ption  
of r e c a l c i f i e d  h aem op h ilic  p lasm a.
F igu re  (125)
H aem orrhagic s t a t e  in  a fem ale h aem op h ilic  
tr a n s m it te r  -  r e s u l t s  o f  th ro m b o p la stin  g e n e r a t io n  t e s t .
O rdinate -  p ercen ta g e  th r o m b o p la s tin .
A b sc is sa  -  tim e in  m in u tes a f t e r  a d d it io n  o f  
c a lc iu m .
T h rom bop lastin  g e n e r a t io n  tech n iq u e  w ith  normal 
serum and p l a t e l e t s  c o n s ta n t .  Adsorbed plasm a  
v a r ia b le .
I  1  se v e r e  h a em o p h ilic  -J- norm al.
X— X .se v e r e  h a em o p h ilic  -f- p a t i e n t .
0— =—0 se v e r e  h a em o p h ilic  a lo n e .
' /o th rom bop las t in
70- • ----- •  +Nor
60*
50-
40-
30-
2 0 * *  +H.J.
io-
2 3 4 5 6
t im e in m in u te s
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Haemorrhagic s t a t e  in  a fem ale h aem op h ilic  
tr a n sm itte r  -  r e s u l t s  o f  th ro m b o p la stin  g e n e r a t io n  t e s t  
in  com parison w ith  h a em o p h ilia cs  o f  v a r y in g  s e v e r i t y .
O rd inate -  p e r ce n ta g e  th r o m b o p la s tin .
A b s c is s a  -  tim e in  m in u tes a f t e r  a d d it io n  o f  
ca lc iu m .
T h rom bop lastin  g e n e r a t io n  tech n iq u e  w ith  normal 
serum and p l a t e l e t s  c o n s ta n t .  Adsorbed plasm a  
v a r ia b le .
t*- normal •
X1  -X fem ale  tr a n s m it te r  b e in g  s tu d ie d .
0— 0 h a e m o p h ilia c s  o f  v a r y in g  c l i n i c a l  s e v e r i t y .
Vothromboplastin
120
1 0 0
normal
°  0  o  moderate
o  severe
1 2  3 4 5
time in minutes
F ig u r e  (1 2 7 )
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Haemorrhagic s t a t e  in  a fem ale h aem op h ilic  
tr a n s m itte r ;  f a i lu r e  o f  t h i s  p a t i e n t ’ s plasm a to  
c o r r e c t  the d e f e c t iv e  prothrom bin consum ption o f  
h a em o p h ilic  p lasm a.
O rdinate -  c l o t t i n g  tim e o f  f ib r in o g e n .
A b sc is sa  -  tim e in  m in u tes a f t e r  a d d it io n  o f  
c a lc iu m .
q , ------- q  h aem op h ilic  p lasm a a lo n e .
X------X h a em o p h ilic  p lasm a+ plasm a from t h i s
t r a n s m it t e r .
• ------ •  h a em o p h ilic  plasm a +  normal p lasm a.
T h is f ig u r e  shows th e  prothrom bin consum ption
over one h ou r.
clotting time 
sec
+ H.J.
20-
+ Nor40-
IO 20 30 40 50 60
incubation time in minutes
Comment. T hese r e s u l t s  e s t a b l i s h  th a t  t h i s  p a t ie n t  had 
a s ig n i f i c a n t  d e f ic ie n c y  o f  A.H.G. There was d e f e c t iv e  p ro ­
throm bin consum ption in  th e  p a t i e n t ’s b lo o d  and an i n a b i l i t y  
to  c o r r e c t  the d e f e c t iv e  prothrom bin consum ption o f  r e c a l c i ­
f i e d  h aem op h ilic  p lasm a. The adsorbed plasm a from th e  
p a t ie n t  f a i l s  t o  form b lo o d  th rom b op lastin  norm ally  in  th e  
th ro m b o p la stin  g e n e r a t io n  t e s t .  The A.H.G. a ssa y  on t h i s  
tech n iq u e  d em on stra tes the i n a b i l i t y  to  c o r r e c t  the haemo­
p h i l i c  d e f e c t .  The a ssa y  procedure record ed  l e s s  than b% 
o f  the normal amount o f  A.H.G.
Case ( 5 ) .
T h is g i r l  was th e  s i s t e r  o f  two m ild ly  a f f e c t e d  haemo­
p h i l i a c s  (C ases 79 * $0  in  my s e r i e s ) .  There was a 
h is t o r y  o f  haemorrhage fo r  th ree  days fo llo w in g  to o th  ex ­
t r a c t io n ,  but no. o th er  s ig n i f i c a n t  h is to r y  o f  b le e d in g . The 
d e f ic ie n c y  in  t h i s  g i r l  was not so  marked as in  the second  
p a t i e n t .  The r e s u l t s  are g iv e n  in  the appendix.
-  £j.Q If. -
DISCUSSION
The secon d  and t h ir d  p a t ie n t s  have a d e f ic ie n c y  o f  
a n tih a e m o p h ilic  g lo b u l in .  The f i r s t  p a t ie n t  had undoubted ly  
a h a e m o sta tic  d e f e c t ,  the e x a c t natu re o f  w hich was n ot e s ­
t a b l i s h e d .  There i s  no ev id en ce  from the fa m ily  h i s t o r i e s  
t o  su g g e s t  th a t  th e se  p a t ie n t s  were homozygous fo r  the  
h aem op h ilic  d e f e c t .  The l i k e l y  e x p la n a tio n  i s  th a t  th ey  are  
t r a n s m it te r s  o f  th e  c o n d it io n , where fo r  some unknown reason  
th e  d e fe c t  i s  not so  r e c e s s iv e  as i s  u s u a l.
I t  i s  o f  in t e r e s t  th a t  th e se  th ree  fem ale p a t ie n t s  b e ­
lo n g e d  t o  h aem op h ilic  f a m i l ie s  in  whom the male a f f e c t e d  
members were not s u f f e r in g  from the most severe  grade o f  th e  
c o n d it io n . The problem  o f  A.H.G. d e f ic ie n c y  in  fem ale t r a n s ­
m it t e r s  has not y e t  been  co m p lete ly  in v e s t ig a te d  but a number 
o f  t r a n s m it te r s  in  s e v e r e ly  a f f e c t e d  fa m il ie s  have been i n ­
v e s t ig a t e d  w ith  n e g a t iv e  r e s u l t s .  (se e  pages /o $ 9 -~ /0 9 0 o f  
th e  ap p en d ix ) .
In  a l im i t e d  stu dy  th e re  was no dem onstrable A.H.G. 
d e f ic ie n c y  in  fem ale tr a n sm itte r s  b e lo n g in g  to  f a m i l ie s  
where th e  a f f e c t e d  male members w ere s e v e r e ly  a f f l i c t e d  w ith  
the d i s e a s e .
-  4*q S~
S U M M A R Y
(1 ) Three fem ale  members o f  h aem op h ilic  f a m i l ie s  have b een  
s tu d ie d  (C ases ( 1 ) ,  (2 ) and ( 3 ) ) .  These th r ee  
p a t ie n t s  each  had good c l i n i c a l  ev id en ce  o f  a haemo­
s t a t i c  d is tu r b a n c e .
(2 )  I n  two o f  th e se  th ree  p a t ie n t s  (C ases (2 ) and ( 3 ) )  an 
A.H.G. d e f ic ie n c y  was dem onstrated . The o th er  
p a t ie n t  (Case ( l )) b e lo n g ed  to  a fa m ily  where th e  
a f f e c t e d  m ales were su b seq u en tly  shown t o  have an 
A.H.G. d e f i c i e n c y .  The p a t ie n t  h e r s e l f  d ie d  some 
y e a r s  b e fo r e  th e  developm ent o f modern methods o f  
d e te c t in g  A.H.G. d e f ic ie n c y .
(3 )  Case (2 ) was in v e s t ig a t e d  in  c o n sid er a b le  d e t a i l .
She was a 28 year  o ld  woman who came under ob serva ­
t i o n  a s a r e s u l t  o f pro lon ged  haemorrhage fo llo w in g  
t o n s i l le c t o m y . She was th e  daughter o f a haemo­
p h i l i a c  and had an A.H.G. d e f ic ie n c y ;  t h i s  was dem­
o n s tr a te d  on th e  th rom b op lastin  g e n e r a tio n  tech n iq u e  
and on the f a i lu r e  to  c o r r e c t  the d e f e c t iv e  prothrom ­
b in  consum ption o f  re c a l c i f i e d  haem op h ilic  p lasm a.
(4 )  There was no ev id en ce  from th e fa m ily  h i s t o r i e s  th a t  
th e s e  p a t ie n t s  were homozygous fo r  th e  h aem op h ilic  
d e f e c t .  I t  i s  th o u g h t th a t  th ey  were tr a n sm itte r s  
where th e  d e fe c t  i s  n o t so  r e c e s s iv e  a s i s  u s u a l .
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HAEMORRHAGIC STATE IN ASSOCIATION WITH DYSPRQTEINAEMIA
Haemorrhagic s t a t e s  in  a s s o c ia t io n  w ith  h y p erg lo b u lin a em ia .
Haemorrhagic s t a t e s  have b een  rep o rted  in  a s s o c ia t io n  
w ith  c o n d it io n s  where th e  common denom inator i s  an abnormal­
i t y  o f  th e  plasm a p r o t e in s .  T h is abn orm ality  o f  the plasm a  
p r o te in s  i s  a h y p erg lo b u lin a em ia . Such a b le e d in g  ten d en cy  
has been  reco rd ed  as due to  throm bocytopenia , i n f i l t r a t i o n  
o f  th e  v a s c u la r  w a ll  by abnormal p r o te in  or t o  d is tu rb a n ce  
o f . th e  c o a g u la t io n  system  (S te fa n in i  and Dameshek 1 9 5 5 ) .
The throm bocytopenia  may be the consequence o f  marrow i n ­
v a s io n  as in  m y e lo m a to s is . Abnormal g lo b u lin s  or am yloid  
may i n f i l t r a t e  or weaken th e  v e s s e l  w a l l .  The abn orm ality  
in  th e  c o a g u la t io n  system  has been  a sc r ib ed  to  a v a r ie t y  o f  
c a u s e s . I t  has been  rep o rted  th a t  the h igh  g lo b u lin  con­
c e n tr a t io n  o f  the plasm a may in t e r f e r e  b o th  w ith  th e  form ation  
o f  th ro m b o p la stin  and o f  f i b r in  (Craddock, Adams and F igu eroa  
1953 , U e h lin g e r  1 9 4 9 ) . I t  has a ls o  been  su g g ested  th a t  th e  
e x c e s s  g lo b u lin  in  th e  plasm a ’’b in d s ” calcium  and th a t th e r e  
i s  a r e s u l t a n t  d is tu rb a n ce  in  b lo o d  c lo t t i n g .
The p a t ie n t  to  be d e sc r ib e d  had a sev ere  haem orrhagic  
ten d en cy  and d ie d  from in tr a c r a n ia l  haem orrhage. She had a
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profound d istu rb a n ce  o f  her plasm a p r o te in s  w ith  h yp erg lob -  
u lin a e m ia . There was no h i s t o l o g i c a l  p ro o f o f th e  d ia g n o s is  
b u t i t  i s  l i k e l y  th a t  she was s u f fe r in g  from m yelom atosis .
The fe a tu r e  o f  the in v e s t ig a t io n  o f  her c o a g u la tio n  mechanism  
was an in te r fe r e n c e  w ith  th rom b op lastin  form ation ; b o th  th e  
adsorbed  plasm a and the serum were d e f e c t iv e  but th ere  was 
no ev id en ce  o f  a c ir c u la t in g  a n t ic o a g u la n t . A ssay o f  th e  
A.H .G . and o f  th e  C hristm as fa c to r  r e v e a le d  d e f i c i e n c i e s  o f  
b o th  o f  th e s e  com ponents. S in c e  in  th e se  a ssa y s  th e  t e s t  
plasm a i s  d i lu t e d  w ith  th e  haem ophilia  plasm a i t  i s  u n l ik e ly  
th a t  the r e s u l t  i s  t o  be in te r p r e te d  as due to  th e  p resen ce  
o f  an abnormal p r o te in  but r a th er  a d e f ic ie n c y  o f  A.H.G. 
and C hristm as f a c t o r .  I t  would seem not unreasonable to  
su g g e s t  th a t  th e  abnormal p ro d u ctio n  o f e x c e s s iv e  g lo b u lin  
r e s u l t s  in  a f a i lu r e  o f  form ation  o f g lo b u lin s  needed fo r  
b lo o d  th ro m b o p la stin  fo rm a tio n .
I l l u s t r a t i v e  case  r e p o r t .
T h is  p a t ie n t  was ad m itted  to  th e  Royal In firm a ry , G lasgow , 
under D r. D avid Sm ith , on 18 th  A ugust, 1955. She was 60 
y ea rs o f  age and was w e l l  u n t i l  January 1955 when she d e v e l­
oped a s e r ie s  o f  sore  th r o a ts  and h ead ach es. In  February  
she began  t o  f e e l  weak and e a s i ly  t i r e d .  She was seen  by 
an oth er  p h y s ic ia n , found t o  be anaemic and g iv en  ir o n ,  
v ita m in  and v ita m in  C. On 2nd A u gu st, 1 9 5 5 , she cu t her
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f in g e r  and t h i s  b le d  fo r  24 hours and th e  dorsum o f  th e  r ig h t
hand became b r u is e d . D uring th e  two weeks b e fo re  a d m ission
she n o t ic e d  b r u is in g  in  s e v e r a l  a r e a s . A s w e ll in g  o f th e  
r ig h t  knee d ev e lo p ed  w hich was thought p o s s ib ly  t o  be a 
h a e m a rth ro s is . On exam in ation  th e r e  was e x te n s iv e  ecchym osis  
o f  th e  r ig h t  l e g  and o f th e  r ig h t  hand. The p a t ie n t  d ie d  a 
few  days a f t e r  ad m issio n  from c e r eb ra l haemorrhage.
R e s u lts  -  Plasma f ib r in o g e n  = 160 mg/100 m l.
Plasma p r o te in s  A = 1 .6  gm. % 1 .4  gm. %
G =10.2 gm. % 8 .1  gm. %
C o llo id a l  Gold 000000
Thymal T u rb id ity  5 McL - U n its
E le c tr o p h o r e t ic  se p a r a tio n  showed co n sid er a b le  abnorm al­
i t y  in  th e  g lo b u lin  range c o n s is t e n t  w ith  m u lt ip le  myeloma. 
X-Ray o f  s k u l l  showed a rea s o f  th e  s k u l l  s u s p ic io u s ly  l ik e  
m u lt ip le  myeloma.
CaClp tim e normal i f 1 ; 2*
* p a t ie n t  2 |»  ; 3 '
3 days l a t e r  normal l i |
p a t ie n t  52 t 
haem op h iliac  5 i  3 »
normal + 1 /1 0  p a t ie n t  = I t *
Q uick*s t e s t  normal 13
p a t ie n t  15
- U-((-
Normal a d s . plasm a normal serum 
P a t ie n t  a d s . plasm a p a t ie n t  serum 
Normal a d s . plasm a p a t ie n t  serum 
P a t ie n t  ads plasm a normal serum
1 2 3 4 5 6 I
40 13 15 14 14 15 ]
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95 95 45 23 22 20
70 13 14 15 16 16
P l a t e l e t  count -  1 2 0 ,0 0 0  per c u . mm. 
Whole b lo o d  c l o t t i n g  tim e 1 5 '
Hess t e s t  -  n e g a t iv e  
C lo t r e t r a c t io n  -  normal 
R epeated  T .G .T . 3 days l a t e r .
. Normal a d s . p lasm a, n o r . serum 53 11 11 10 11 12
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Haem. a d s . p lasm a, n or . serum 126 93 70 20 17 15
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To determ ine w hether a d d it io n  o f  e x tr a  ca lc iu m  cou ld  
c o r r e c t  th e  th ro m b o p la stin  d§fect*-T .G .T .
4 '  (Z -
| Ca i i
Normal a d s . p lasm a, serum p l a t e l e t s  | m/40 25 11 10 10 10; 11
P a tie n t  a d s . p la s .  P a t . serum, p l a t e l e t s  m/40; 45' 43* 25 16 16; 18  
« « » » w » m/32! 50! 52! 28! 15:- 14| 16
11 11 M ” w n rfl/16! 85! 75: 55) 30 25 19
Comment: - T h is p a t ie n t  had an acq u ired  h aem osta tic
d e fe c t  in  a s s o c ia t io n  w ith  h y p erg lo b u lin a em ia . There was
marked in te r fe r e n c e  w ith  b lo o d  th rom b op lastin  form ation  and
t h i s  was due t o  d e f i c i e n c i e s  o f  A.H.G. and Christm as f a c t o r .
There was no ev id en ce  o f in te r fe r e n c e  w ith  the r o le  o f
ca lc iu m  in  b lo o d  th ro m b o p la stin  fo rm a tio n . I t  i s  u n l ik e ly  
*
th a t  th e  r e s u l t s  g iv e n  above cou ld  be in te r p r e te d  as due to  
in te r fe r e n c e  w ith  r e a c t io n s  w ith in  th e  th ro m b o p la stin  form ing  
system  by some n o n - s p e c i f ic  e f f e c t  o f  the abnormal p r o t e in s .
I t  i s  more p rob ab le  th a t  as a consequence o f th e  p ro d u ctio n  
o f  th e  abnormal p r o te in s  th e r e  i s  d e f i c i e n t  form ation  o f  
a n tih a e m o p h ilic  g lo b u lin  and th e  Christm as fa c to r .
S U M M A R Y
(1 ) A p a t ie n t  i s  d e sc r ib ed  who had a profound d istu rb a n ce  o f
b lo o d  c o a g u la t io n  in  a s s o c ia t io n  w ith  h yp erg lob u lin aem ia
(2 ) There was dem onstrable in te r fe r e n c e  w ith  b lo o d  thrombo­
p l a s t i n  form ation  u s in g  the th rom b op lastin  g e n e r a tio n  
t e s t .  The ev id en ce  su g g ested  th a t  t h is  was due to  
d e f i c i e n c i e s  o f  a n tih a em o p h ilic  g lo b u lin  and th e  
C hristm as f a c t o r .
/l i ^  -
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CIRCULATING THROMBOPLASTIN INHIBITORS
An a cq u ired  haem op h ilia  -  l ik e  d is e a s e  has been r e c o g ­
n iz e d  fo r  many y e a r s . S in ce  1940 i t  has been  a p p re c ia te d  
th a t  some o f  th e s e  haver been  due to  th e  developm ent o f  a c i r ­
c u la t in g  a n t ic o a g u la n t;  th e se  a n t ic o a g u la n ts  were reco g n ized  
by f in d in g  th a t  th e  a d d it io n  o f  b lood  from such p a t ie n t s  in  
sm all amounts to  normal b lood  caused  a marked p r o lo n g a tio n  o f  
th e  c lo t t i n g  tim e o f  th e  normal b lo o d . B efore  1951 th e  o th er  
r e c o g n iz e d  fe a tu r e s  o f  th e se  c a se s  were a p r o lo n g a tio n  o f  
th e  w hole b lo o d  c l o t t i n g  tim e and d e f e c t iv e  prothrom bin con­
sum ption . The a p p lic a t io n  o f  th e  th rom b op lastin  g e n e r a tio n  
t e s t  t o  b lo o d  from such p a t ie n t s  has r e v e a le d  th a t  th ey  p r e ­
v en t b lo o d  th ro m b o p la stin  form ation  b u t not i t s  a c t io n  once 
form ed. (B iggs and D ouglas 19 55 ) .  A s im ila r  type o f  a n t i ­
coagu lan t has been  found co m p lica tin g  h aem op h ilia . These 
a n t ic o a g u la n ts  are not id e n t ic a l  w ith  h ep arin  as th ey  do not  
in t e r f e r e  w ith  the th r o m b in -fib r in o g e n  r e a c t io n  and are not 
n e u tr a l iz e d  by protam ine su lp h a te ;  a n a tu r a lly  occu rr in g  
c o a g u la t io n  ab n orm ality  due to  h ep ar in  must be an e x c e s s iv e ly  
r a re  cause o f  haem orrhagic d is e a s e  in  man and i s  c e r t a in ly  
l e s s  common th an  th e  occu rren ce o f  c ir c u la t in g  a n t ic o a g u la n ts .
I n c id e n c e  and o c c u r r e n c e  o f  c i r c u l a t i n g  a n t i c o a g u l a n t s .
The occu rren ce o f  c ir c u la t in g  th ro m b o p la stin  in h ib it o r s  
can b e  c o n s id e r e d  as fo l lo w s  :-
(a ) in  p a t ie n t s  s u f fe r in g  a lre a d y  from h aem oph ilia  or
C hristm as d i s e a s e .
(b) in  fem ales fo l lo w in g  pregnancy.
(c )  in  a m isc e lla n e o u s  group o f  p a t i e n t s .
(Hougie 1955)
(a ) in  p a t i e n t s  su ffe r in g , a lre a d y  from h aem op h ilia  or C h r is t ­
mas d i s e a s e .
In  a m ale p a t ie n t  w ith  a haem orrhagic ten dency  d a tin g  
from e a r ly  ch ild h ood  and shown to  have a c ir c u la t in g  a n t i ­
co a g u la n t i t  may be im p o ss ib le  to  determ ine w hether the p r e ­
e x i s t in g  haem orrhagic s t a t e  was haem op h ilia  or Christm as 
d is e a s e .  There have been  on ly  18 case  r e p o r ts  o f  the ap­
pearance o f  c ir c u la t in g  a n t ic o a g u la n ts  in  p a t ie n t s  presumed 
to  have h a em o p h ilia , s in c e  th e  f i r s t  account o f  such a ca se  
by Lawrence and Johnson in  1941 . In  th e  90 p a t ie n t s  w ith  
h aem op h ilia  or C hristm as d is e a s e  seen  in  the West o f  S c o t la n d ,  
th ere  was no ev id en ce  o f  a c ir c u la t in g  th rom b op lastin  i n ­
h ib it o r  in  any. In  my ex p er ien ce  th e r e fo r e  i t  i s  a rare  
phenomenon. Hougie and F ea rn ley  (1954) found on ly  two c a se s  
o f  c ir c u la t in g  a n t ic o a g u la n ts  in  a s e r i e s  o f  70 p a t ie n t s .
In  b o th  th ese  s e r i e s  however the c r i t e r io n  fo r  d e te c t io n  o f  
th e  c ir c u la t in g  a n t ic o a g u la n ts  was the th rom b op lastin
g e n e r a t io n  t e s t  u s in g  d i lu t e d  r e a g e n ts  as d e sc r ib e d  in  the  
o r ig in a l  tech n iq u e  (B iggs and D ouglas 1 9 5 3 ) . As w i l l  be 
se en  from one o f  th e  c a s e s  about t o  be d e sc r ib e d , thrombo­
p l a s t i n  in h ib i t o r s  may in  consequence have b een  m isse d . 
Frommeyer, E p s te in  and T aylor  (1950) record ed  t h a t ,  in  a 
s e r i e s  o f  22 p a t ie n t s  presumed to  have h aem op h ilia , f i v e  out 
o f s ix t e e n  who had r e c e iv e d  in f e c t io n s  o f  an A.H.G. p rep ara ­
t io n  (Cohn’s f a c t o r  I )  d eve lop ed  c ir c u la t in g  a n t ic o a g u la n ts ,  
w h ile  no a n t ic o a g u la n ts  were d e te c te d  in  th e  rem aining s ix  
p a t ie n t s  o f  th e  ser ies^ w h o  had r e c e iv e d  only tr a n s fu s io n s  
w ith  w hole b lo o d  or p lasm a. The a c t i v i t y  o f  th e se  a n t ic o a g ­
u la n ts  was much l e s s  than th a t  in  th e  f i r s t  p a t ie n t  d e sc r ib e d  
b e lo w . S o u l ie r  and L a rrieu  (1953) in  a study o f 33 p a t ie n t s  
found c ir c u la t in g  a n t ic o a g u la n ts  in  th r e e . In  one o f  th e se  
the th r o m b o p la stin  in h ib it o r  su b seq u en tly  d isap p eared  and the  
a u th ors were a b le  to  dem onstrate th a t the u n d erly in g  d e fe c t  
was in  th e  C hristm as f a c t o r .  Lev/is and Ferguson (1953) have 
s tu d ie d  a p a t ie n t  where a l s o  on d isapp earance o f  the a n t i ­
coagu lan t th ey  were a b le  to  show th a t  the u n d erly in g  d e fe c t  
was C hristm as d is e a s e .
I l l u s t r a t i v e  c a se  r e p o r t .
T h is  p a t ie n t  was a n in e year  o ld  boy who had b een  la b e l le d  
as a "h aem op h iliac’1 s in c e  the age o f  one y e a r . He had been
adm itted  to  another h o s p i t a l  w ith  a m assive  haematouxa of the
abdom inal w a ll  and upper a sp e c t  o f  the r ig h t  th ig h . There
had been numerous e p iso d e s  o f b le e d in g  fo llo w in g  m inor trauma
throughout h i s  l i f e  in c lu d in g  h a em a rth ro sis , in tram u scu lar
b le e d in g  and e x c e s s iv e  b le e d in g  from c u t s .  He had been
tr a n s fu se d  on numerous o c c a s io n s  in  the p a s t .  The fe a tu r e s
on a ssessm en t o f  th e  c o a g u la t io n  d e fe c t  w e re :-
T hrom boplastin  g e n e r a t io n  t e s t  -  P a t ie n t  ltNfl.
P l a t e l e t s  
c o n s ta n t .
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Calcium. c l o t t i n g  t i m e s  •
Normal 1 .0  0 .9 0 .7 0 .5 0 .3
i
0 .1 0
N 0 ; 0 .1  i 0 .3 0 .5 0 .7 0 .9 1 .0
Im m ediately 1*45" 1 12 '35"  | 1 4 ’ 1 6 ’50” 19 ’15ft 1 9 ’20” 25» *
One hour l a t e r 2 '5"  ! 2 4 ' -  : 2 4 ’ - 2 5 ’ 1 9 ’ 1 9 ’ 3 0 ’ +
The fe a tu r e s  o f  t h i s  p a t i e n t ’s c o a g u la t io n  d e fe c t  may he 
summarised as fo l lo w s
(a ) A d d itio n s  o f  th e  p a t i e n t ' s  plasm a to  normal plasm a
caused  p r o lo n g a tio n  o f  th e  ca lcium  c lo t t in g  t im e ,
( b ) B oth  th e  p a t i e n t ’s adsorbed plasm a and th e  p a t i e n t ’s 
: serum show an i n a b i l i t y  to  g en era te  b lo o d  thrombo­
p l a s t i n ,  when in cu b ated  w ith  the ap p rop ria te  
normal component in  the th rom b op lastin  g e n e r a tio n  
t e s t .
( c )  A d d itio n s  o f  the p a t i e n t ’s adsorbed plasm a or
p a t i e n t ’s serum to  a system  c o n ta in in g  a l l  the  
req u irem en ts fo r  b lo o d  th rom b op lastin  in h ib i t s  
th e  form ation  o f  t h i s .
(b ) C ir c u la t in g  a n t ic o a g u la n ts  fo llo w in g  pregnancy.
I  have not s e e n 'a  case  o f  t h i s  type but 11 ca ses  have 
b een  r e p o r ted  in  th e  l i t e r a t u r e  (Madison and Q uick, 1945 , 
G hargaff and West 1946 , F a n tl and Nance 1946, H ew lett and 
Haden 1 9 4 9 , H e in le , W eisb erger, V ignos and Holden 1949,
D resk in  and R osen th a l 1950 , B ig g s and M acfarlane 1953,
P r ick  1 9 5 3 , Beaumont 1 9 5 4 ). In  g e n e r a l th e se  have p resen ted  
w ith in  12 months a f t e r  p a r tu r i t io n  w ith  a haem orrhagic d ia t h e s i s .  
I t  i s  tem p tin g  to  assume th a t  some f o e t a l  m aternal a u to -
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im m unization p r o c e ss  may be r e s p o n s ib le .
( c ) C ir c u la t in g  a n t ic o a g u la n ts  in  m isc e lla n e o u s  c a s e s .
C ir c u la t in g  a n t ic o a g u la n ts  may be found ap art from  
haem op h ilia  and C hristm as d is e a s e  or u n r e la te d  to  pregnancy. 
They have been  r e p o r te d  t o  occur u n r e la te d  t o  any oth er  c o n d i­
t io n  or a s a c o m p lic a tin g  fe a tu r e  o f  r e c o g n ise d  d is e a s e .
Those r e p o r te d  by Joulfcs and M acfarlane 1938 , Pons and de 
T orregrosa  1952 and H ougie, 1953 , Evans 1955 , d evelop ed  in  
p a t ie n t s  o th erw ise  h e a lth y . The rem aining ca ses  a l l  had 
some a s s o c ia t e d  i l l n e s s :
T uberculous lym phadenopathy.
(L ozner, J o l i f f e  and T aylor  1 9 4 0 ).
C hronic n e p h r i t i s  and s y p h i l i s
(C on ley , Rathbun, Morse R obinson 1948)
G e n e r a lise d  lym phadenopathy o f  u n s p e c if ie d  a e t io lo g y .  
(C onley e t  a l  1948)
M yocardial in f a r c t io n .
(S in g e r , Mond, Hynan, Levy 1950)
Rheumatoid a r t h r i t i s .
(C o l l in s  and Ferrim an 1952)
Rheumatic h e a r t d i s e a s e .
(H a rd isty  1954)
Pemphigus t r e a te d  w ith  a r s e n ic .
(Quick and S te f a n in i  1948,
D ie t e r ,  Spooner and Pohle 1949)
A r t h r i t i s
(Evans 1955)
Lupus eryth em atosu s (2 c a s e s )  -  F r ick  1 9 55 .
In  a s s o c ia t io n  w ith  a sk in  ra sh  a f t e r  a n t ib io t i c  
th erap y  -  F r ick  1955 .
The c o n d it io n  i s  p robab ly  more common than in d ic a te d  by  th e  
r e l a t i v e l y  sm a ll number o f  c a se s  r e p o r te d  in  th e  l i t e r a t u r e .
C ir c u la t in g  a n t ic o a g u la n ts  u n a sso c ia te d  w ith  o th er  d is o r d e r s .
I l l u s t r a t i v e  c a se  r e p o r t .
The p a t i e n t ,  a r e t ir e d  c le r k , aged 8 2 , was ad m itted  to  
h o s p ita l  in  A p r il 1 952 , w ith  m assive  subcutaneous and in t r a ­
m uscular haem orrhages in v o lv in g  b o th  arms and l e g s .  He had 
never p r e v io u s ly  b r u is e d  e a s i l y  and th e r e  was no p a s t  h i s ­
to r y  o f any o th er  haem orrhagic m a n ife s ta t io n s  such as e x c e s ­
s iv e  b le e d in g  fo llo w in g  d e n ta l e x tr a c t io n s  or c u t s .  A 
p r o sta te c to m y  had b een  perform ed f iv e  years p r e v io u s ly  fo r  
b en ig n  hyp ertrop h y; t h i s  o p e r a tio n  was u n ev e n tfu l as regard s  
e x c e s s iv e  b le e d in g  and d u ra tio n  o f  c o n v a le sc e n c e . The 
p a t ie n t  had n ever  r e c e iv e d  tr a n s fu s io n s  or in j e c t io n s  o f  
whole b lo o d  or b lo o d  p r o d u c ts . There was no fa m ily  h is to r y  
o f  e x c e s s iv e  b le e d in g  or b r u is in g .  The d ie t  was ad eq u ate. 
Apart from th e  m a n ife s ta t io n s  o f haemorrhage the o n ly  p h y s ic a l  
ab n orm ality  on ad m ission  was m ild  o s t e o a r t h r i t i s  o f b o th  
k n ees . S u b seq u en tly  he d eve lop ed  a haematona o f  th e  whole  
o f  the l e f t  forearm  and a haem arth rosis o f  the r ig h t  a n k le .  
Treatment w ith  C o rtiso n e  produced no e f f e c t .  He was adm itted  
to  another h o s p ita l  w ith  acu te  abdom inal p a in  and op erated
Figure (128)
F i g u r e  ( 1 2 8 )
D e fe c t iv e  prothrom bin consum ption in  p a t i e n t s  
w ith  c i r c u la t i n g  a n t ic o a g u la n t s .
O rd inate -  p e r ce n ta g e  p rothrom bin .
A b s c is s a  -  tim e in  m in u tes a f t e r  w ithd raw al 
o f  b lo o d .
§— p a t i e n t .
----------  range o f  norm al o b s e r v a t io n s .
  mean o f  norm al o b s e r v a t io n s .
T h is  f i g u r e  i s  u s e d  i n  r e f e r e n c e  t o  two p a t i e n t s
d e s c r i b e d  i n  C h a p te r  1 9 .
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F i g u r e  ( 1 2 8 )
D e fe c t iv e  prothrom bin consum ption in  p a t i e n t s  
w ith  c i r c u la t i n g  a n t ic o a g u la n t s .
O rd inate -  p e r ce n ta g e  prothrom bin .
A b s c is s a  -  tim e in  m in u tes a f t e r  w ithd raw al 
o f  b lo o d .
§— p a t i e n t .
----------  range o f  norm al o b s e r v a t io n s .
  mean o f  norm al o b s e r v a t io n s .
T h is  f i g u r e  i s  u s e d  i n  r e f e r e n c e  t o  two p a t i e n t s
d e s c r i b e d  i n  C h a p te r  1 9 .
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F ig u r e  ( 1 2 9 )
C i r c u l a t i n g  t h r o m b o p l a s t i n  i n h i b i t o r  -
t h r o m b o p l a s t i n  g e n e r a t i o n  t e s t .
O rdinate -  p ercen ta g e  th r o m b o p la stin .
A b sc is sa  -  tim e in  m in u tes a f t e r  a d d it io n  o f  
ca lc iu m .
T hrom boplastin  g e n e r a t io n  tech n iq u e  w ith  normal 
serum and p l a t e l e t s  c o n s ta n t . Adsorbed plasm a v a r ia b le .
0 ------ o ' -  norm al.
•  -  p a t ie n t .
• ------ •  -  5% p a t ie n t  95% norm al.
%------ X 10% p a t ie n t  90% norm al.
S im ila r  experim ent to  t h a t  i l l u s t r a t e d  i n  f ig u r e  9 3 .

upon, in  ign oran ce o f the c o a g u la tio n  d e fe c t  and d ie d .
T his ca se  i s  rep orted  by Hougie ( J .  c l i n .  P a th .1953,
6 , 3 0 ) .  Specimens were examined in  th e  Department o f  
C lin ic a l  P a th o lo g y , The R a d c lif fe  In firm a ry , O xford, and 
in v e s t ig a t e d  by th e  throm b op lastin  g e n e ra tio n  t e s t .
P rev iou s in v e s t ig a t io n  by Dr. Hougie had e s t a b l is h e d  a 
lo n g  whole b lood  b lo t t in g  tim e and d e f e c t iv e  prothrom bin  
consum ption. The r e c a lc i f i c a t io n  tim e was pro longed  
and th e  a d d it io n  o f  sm all p rop ortion s o f th e  p a t i e n t ’ s 
plasma t o  normal plasma caused p r o lo n g a tio n  o f th e  c lo t t in g  
tim e o f  th e  normal plasm a. H aem ophilic plasma cou ld  n ot  
be c o r r e c te d  on th e  r e c a lc i f i c a t io n  t im e .
The in v e s t ig a t io n s  a t  Oxford ( s e e  appendix page ! 0 9 T ~ cf )  
confirm ed Dr. H ougie*s f in d in g s .  F igu re  128 i l l u s t r a t e s  
th e  v ery  d e f e c t iv e  prothrom bin consum ption u sin g  th e  tech n iq u e  
o f D ouglas and B iggs (1 9 5 3 ) . U sing th e  th rom b op lastin  
g e n e r a tio n  t e s t  i t  was e s ta b lis h e d  th a t th e  a n tic o a g u la n t  
l i k e  th e  o th e r s , in h ib it e d  b lood  th rom b op lastin  form ation  
but not i t s  a c t io n  once form ed. ( s e e  f ig u r e  1 2 9 ) .
C ir c u la t in g  a n t ic o a g u la n ts  co m p lica tin g  o th e r  d is o r d e r s .
I l l u s t r a t i v e  ca se  rep ort - in  rheum atoid a r t h r i t i s .
The p a t ie n t  was a man aged 73 w ith  advanced w idespread  
rheum atoid a r t h r i t i s  fo r  te n  y e a r s , who a ls o  had en larged  
a x i l l a r y  g lan d s and cutaneous n od u les over  th e  r ig h t  elbow and h ip .
H is l i v e r  and sp lee n  were not e n la r g e d . He had never had 
any g o ld  th era p y . The b le e d in g  d iso r d e r  which s ta r t e d  in  
January 1951 was m a n ife sted  by e x te n s iv e  subcutaneous and 
in tram u scu lar  haemorrhages ( in c lu d e d  two in to  th e  r o o t o f  
th e  to n g u e , em barrassing r e s p i r a t i o n ) , haem atem esis, m elaena  
and haem aturia . He d ie d  o f  m assive  haem orrhages in  Nov.
1951 . Treatment w ith  h a em a ttn ics , t r a n s fu s io n s ,  antihaem o­
p h i l i c  g lo b u lin  and A .C .T .H . had no e f f e c t  on th e  u n d er ly in g  
d is o r d e r . At necropsy th e r e  were la r g e  r e c e n t  ecchyn iosis  
o f  th e  c h e s t  w a ll  and n eck , o ld  and r e c e n t  haem othoraces 
w ith  a d h esion s and a lte r e d  b lood  in  the g u t . The l i v e r  
showed s i d e r o s i s .  The sp le e n  was en la rg ed  t o  a lm ost tw ic e  
th e  normal s i z e ,  very  s o f t  and a u t o ly t ic  and s id e r o s i s  was 
in c r e a s e d . H is t o lo g ic a l  exam in ation  confirm ed th e se  f in d in g s  
and showed am yloid  change in  the a x i l l a r y  lym ph-nodes bu t  
none in  th e  l i v e r .
T h is c a se  i s  r ep o r ted  by C o ll in s  and Ferrim an (L ancet
1 9 5 2 , 2 , 7 1 2 ) .  Specim ens were sen t to  th e  Department o f  
C l in ic a l  P a th o lo g y , th e  R a d c lif fe  In firm a ry , O xford, and 
in v e s t ig a t e d  by the th rom b op lastin  g e n e r a tio n  system  (se e  
page /0 7 J" o f  the a p p en d ix ).
P rev io u s in v e s t ig a t io n  o f th e  c o a g u la t io n  abnorm ality  
by D r. C o ll in s  had shown p ro lon ged  whole b lo o d  c lo t t in g  tim e 
w ith  d e f e c t iv e  prothrom bin consum ption . The c lo t t in g  tim e
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o f  normal whole b lood  was g r e a t ly  p ro lon ged  by the a d d it io n  
o f  sm all p ro p o rtio n s o f th e  p a t i e n t rs b lo o d .
The r e s u l t s  o f th e  in v e s t ig a t io n s  a t  Oxford on d r ie d  
f r a c t io n s  from t h i s  p a t ie n t  showed th a t  th e r e  was in h ib i t io n  
o f  b lo o d  th rom b op lastin  form ation  but not i t s  a c t io n  once 
form ed. (se e  pages ~/o<?7 o f  th e  ap p en d ix ).
An a ty p ic a l  th rom b op lastin  in h ib ito r  w ith  p r e v io u s ly  unde­
sc r ib e d  f e a t u r e s .
T h is p a t ie n t  (D .C .) was a merchant seaman aged 33 y ea rs  
and was f i r s t  seen  by me in  December 1955 . In  1945 when aged  
23 y e a rs  he had a com plaint o f  having ttp a in s a l l  o ver11. He 
was d iagn osed  in  1947 in  New Z ealand as having a n k y lo sin g  
s p o n d y lc t is  and from th a t tim e th ere  had been  in c r e a s in g  
r i g i d i t y  o f  th e  sp in e . There was s t i f f n e s s  and p a in  in  the  
b a ck , s t i f f n e s s  when tu rn in g  th e  head and p a in  in  the c h e s t  
when coughing or sn e e z in g . In  1953 he had X-Ray th erap y  to  
th e  sp in e  f o r  two weeks in  B r isb a n e . In  A p r il 1955 he com­
p la in e d  o f  p a in  in  the l e f t  sh ou ld er  and was g iv en  X-Ray 
th erap y  to  t h i s  r e g io n . In  Ju n e-Ju ly  1955 he d evelop ed  p a in  
and s w e l l in g  o f  th e  r ig h t  kn ee. T h is was a sp ir a te d  and 
sero u s f l u i d  ob ta in ed  - no haem arth rosis was p r e s e n t .  In  
August 1955 he had haem aturia fo r  two m onths, which was 
p a in le s s  ap art from one o c ca sio n  when he p a sse d  b lood  c l o t s .  
This, haem aturia was in v e s t ig a te d  in  h o s p ita l  in  A u s tr a lia  by
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c y sto sc o p y  and retro g ra d e  pyelogram . These showed no ab­
n o r m a lity . A gu in ea  p ig  in n o c u la t io n  was c a r r ie d  out and 
t h i s  was p o s i t iv e  fo r  m ycobacterium  t u b e r c u lo s is .  He was 
se n t  home by sea  from A u s tr a lia ,  b e fo r e  th e  r e s u l t  o f  th e  
g u in ea  p ig  in n o c u la t io n  had become a v a i la b le .  J u s t  b e fo r e  
a r r iv a l  by  sh ip  in  t h i s  country he d evelop ed  a spontaneous  
haematorfia o f the r ig h t  forearm  w hich l e s i o n  was a t f i r s t
th ou gh t t o  be inflam m atory and he was t r e a te d  by in tram u scu lar
in j e c t io n s  o f  p e n i c i l l i n .  As a consequence o f  the in j e c t io n
o f  p e n i c i l l i n  he d evelop ed  a la r g e  haematoma o f th e  l e f t
th ig h . He was adm itted  to  P r o fe sso r  D a v is ’ wards in  th e  
R oyal In firm ary and develop ed  a fu r th e r  la r g e  haematoma o f  
th e  l e f t  forearm  which fo llo w e d  th e  sm a ll in c i s io n  w ith  an  
au tom atic  p r ic k e r  fo r  e s t im a tio n  o f the b le e d in g  t im e .
On exam in ation  he was o f le a n  b u i ld  and p a l e . There 
was a haematoma o f  th e  r ig h t  forearm  and o f  th e  l e f t  th ig h .  
There was a d o r sa l k yp h osis and th e  sp in e  was r i g i d ,  w ith  
v ery  l im it e d  movement a ls o  o f  the c h e s t .  There was an 
e f f u s io n  in  th e  r ig h t  knee j o i n t .
On ad m ission  th e  haem oglobin was 49$ , th e  red  count 
3 -3  m illio n /cu .m m  and the w h ite  count 5 ,2 0 0 /cu .m m ., the  
p e r ip h e r a l b lo o d  f i lm  showing l i t t l e  o f  s ig n if ic a n c e  apart 
from a n is o c y t o s is  o f  th e  red  c e l l s .  S te r n a l marrow b io p sy  
r e v e a le d  a very  a c t iv e  marrow w ith  n orm ob lastic  e r y th r o p o r e s is .
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L e u c o p o ie s is  was normal and m egakaryocytes p r e se n t  in  average  
numbers. The s e c t io n  was h y p e r p la s t ic  and th e re  was c o n s id ­
e r a b le  s ta in a b le  iro n  p r e s e n t . B lood group 0 Rhesus + v e .
R a d io lo g ic a l  assessm en t showed g r o ss  changes due to  
a n k y lo sin g  s p o n d y l i t i s  in  th e  sm all j o in t s  betw een  the  
a r t ic u la r  f a c e t s  in  the lumbar and low er d o r sa l sp in e ;  in  
a d d it io n  to  o b l i t e r a t io n  o f  the jo in t  space th e re  was e x ­
t e n s iv e  o s s i f i c a t i o n .  The low er c o s to -v e r te b r a i  j o in t s  
were s im i la r ly  a f f e c t e d .  On th e  v e r te b r a l  b o d ie s  lig a m e n t­
ous o s s i f i c a t i o n  was on ly  to  be seen  in  th e  r e g io n  o f  
D .V .1 0 -L .V .2 .  Both s a c r o - i l ia c  j o in t s  were o b l i t e r a t e d .
B ioch em ica l l i v e r  fu n c tio n  t e s t s  were norm al. Plasma  
p r o te in s  were norm al.
E .S .R . was r a is e d  to  87 mms/l h ou r.
U rinary exam ination  was n e g a t iv e , b o th  c h e m ic a lly  and 
on m icro sco p ic  exam ination  and on b a c t e r io lo g ic a l  ex a m in a tio n . 
A g u in e a -p ig  was a ga in  innocu la ,ted  and on t h i s  o c c a s io n  no 
ev id en ce  o f  tu b e r c u lo s is  found.
I n v e s t ig a t io n  o f h aem osta tic  mechanism .
P la t e l e t  count = 290 ,000  per cu.mm.
Hess t e s t  = n e g a t iv e .
B le e d in g  tim e (Iv y ) -  l e f t  forearm  = 5 *
( t h i s  procedure caused  a haematoma o f th e  l e f t  
forearm )
Whole b lo o d  c l o t t i n g  t i m e  w as 9 0 1 + . (n orm al r a n g e  1 0 ' - 2 5 f
n 11 M (B iggs & M acfarlane 1 9 5 3 ) -2 0 1
O ne-stage prothrom bin tim e -  P a t ie n t  20!l C on tro l 1 7 H
« 2.6 * " 16"
F actor  VII a s s a y .
A d d ition  o f  one “te n th  p a r t to  D indevan p lasm a.
Dindevan plasm a = 33H
P lu s o n e -ten th  C ontrol = 22n
P lu s o n e -ten th  P a t ie n t  = 24 !l
F actor V II - no s i g n i f i c a n t  d e c r e a s e .
F a cto r  V a s s a y .
See ex p e r im en ta l, appendix page k o z  .
F actor V c o n c e n tr a tio n  norm al.
Prothrom bin consum ption.
Merskey tec h n iq u e .
Prothrom bin consum ption ind ex  108$ .
D ouglas & B iggs tech n iq u e  
- s e e  f ig u r e
Prothrom bin consum ption very  d e f e c t iv e .
F a c to r  V consum ption -  as d e sc r ib ed  by D ouglas (1956)
F a cto r  V consum ption was d e f e c t iv e .
A n tih a em o p h ilic  g lo b u lin  consum ption -  a s  d e sc r ib e d  by
-  -  .  -j -  jy 7^~r?c7Z -K -~ ----------- — -----—  *— ~ — —D ouglas (1956)
A.H.G-. consum ption was d e f e c t iv e .
T hrom boplastin  G en eration  T e s t :
When t h i s  was done by th e  standard tech n iq u e  th ere  was 
no d e te c ta b le  ab n orm ality . T h is f in d in g ,  in  a s s o c ia t io n
Figure (130)
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T hrom boplastin  g e n e r a t io n  t e s t  in  a p a t ie n t  w ith  
a ty p ic a l  c ir c u la t in g  th ro m b o p la stin  in h ib i t o r .
O rdinate -  p ercen ta g e  th r o m b o p la stin .
A b sc is sa  -  tim e in  m in u tes a f t e r  a d d it io n  o f  
c a lc iu m .
• -------#  p a t i e n t ’ s adsorbed plasm a and p a t i e n t ' s
serum.
0 -------0 normal adsorbed plasm a and normal serum.
T hrom boplastin  g e n e r a t io n  t e s t  w ith  r e a g e n ts  
u sed  a t  stan d ard  d i lu t io n s  -  adsorbed  plasm a 1 /5  
and serum ^ 1 0
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F ig u re  (131)
T hrom boplastin  d i lu t io n  curve w ith  su b s tr a te  
0 .1  h ig h  spun plasm a and 0 .3  s a l i n e .
O rdinate -  c l o t t i n g  tim e in  se c o n d s .
A b sc is sa  -  p ercen ta g e  th r o m b o p la stin .
T h is f ig u r e  shows th e  th ro m b o p la stin  d i l u t i o n  
curve c o n s tr u c te d  f o r  th e  stu d y  o f  th e  p a t ie n t  w ith  
th e  a t y p ic a l  th ro m b o p la stin  i n h ib i t o r .
\
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w ith  g r o s s ly  d e f e c t iv e  prothrom bin consum ption, r ep re sen ted  
the in t e r e s t in g  fe a tu r e  o f  t h i s  c a se . The r e s u l t s  o f  t h i s  
t e s t  u s in g  th e  adsorbed  plasm a (one in  f i v e )  and th e  serum 
(one in  t e n )  are shown in  f ig u r e  /do .
When th e  adsorbed  plasm a and th e  serum were used  u n d i l ­
u te d  and th e  su b s tr a te  d i lu t e d  to  g iv e  a g r e a te r  trsp rea d 11 
to  th e  f ig u r e s  i t  was p o s s ib le  to  dem onstrate a v e ry  marked 
a b n o rm a lity . The in c u b a tio n  m ixture co n ta in ed  0 .3  m l. o f  
adsorbed  plasm a (u n d ilu te d ) ,  0 .3  m l. o f normal serum (u n d il­
u t e d ) ,  0 .3  m l. o f  p l a t e l e t s ,  and 0 .3  m l. o f  m/40 Ca.C l g .
The su b s tr a te  c o n s is te d  o f  0 .1  m l. o f h igh -sp u n  normal plasma  
and 0 .3  m l. o f  s a l i n e .  U sing t h i s  su b stra te^ a  d i lu t io n  
curve o f  th ro m b o p la stin  was prepared  (se e  f ig u r e  '3 / ) a s d e ­
s c r ib e d  fo r  th e  th rom b op lastin  g e n e r a tio n  t e s t .  The r e s u l t s  
o f  su ch  an experim ent are i l l u s t r a t e d  in  f ig u r e  /33 . I t  
w i l l  be seen  th a t  th e re  i s  a very  marked d if fe r e n c e  in  th e  
a b i l i t y  t o  form th rom b op lastin  in  the normal and th e  p a t i e n t .  
W ith p r o g r e s s iv e  d i l u t i o n  t h i s  d if fe r e n c e  became l e s s  marked 
so  th a t  when each was used  in  a d i lu t io n  o f  one in  f i v e ,  th e  
a b i l i t y  to  form b lo o d  th rom b op lastin  was the same. The 
c lo t t in g  tim es in  t h i s  experim ent are shown in  the exp erim en ta l 
ap p en d ix .
U sing the r ea g e n ts  u n d ilu te d  and the su b s tr a te  d i lu t e d  
w ith  s a l i n e ,  i t  was p o s s ib le  t o  dem onstrate th a t  the i n a b i l i t y
F i g u r e  (1 3 2 )
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T hrom boplastin  g e n e r a t io n  tech n iq u e  in  a p a t ie n t  
w ith  an a t y p ic a l  c ir c u la t in g  th ro m b o p la stin  in h ib i t o r .  
O rdinate -  p ercen ta g e  th r o m b o p la stin .
A b sc is sa  -  tim e in  m in u tes a f t e r  th e  a d d it io n  
o f  c a lc iu m .
• —■— •  normal adsorbed plasm a and norm al serum.
0 ------ 0 p a t ie n t  adsorbed  plasm a and p a t ie n t  serum.
  p a t ie n t  adsorbed  plasm a normal serum.
  norm al adsorbed  plasm a p a t ie n t  serum .
(ad sorb ed  plasm a and serum were u n d i lu t e d ) •
o o
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F igu re (133)
T hrom boplastin  g e n e r a t io n  t e s t  in  th e  p a t ie n t  
w ith  an a t y p ic a l  c ir c u la t in g  th ro m b o p la stin  in h ib i t o r .  
E f f e c t  o f  d i l u t i o n .
O rdinate -  p ercen ta g e  th r o m b o p la stin .
A b sc is sa  -  tim e in  m in u tes a f t e r  a d d it io n  o f  
c a lc iu m .
-----------  normal r e a g e n ts .
 — p a t i e n t 1s r e a g e n ts .
1 / x  -  adsorbed plasm a and serum n o t d i lu t e d .
1 / 3  -  a d s o r b e d  p la s m a  a n d  se r u m  d i l u t e d  l / 3  
w i t h  s a l i n e .
1 / 5  -  adsorbed plasm a and serum d i lu t e d  1 / 5  
w ith  s a l i n e .
%thromboplastin
80-
60- /------------ v
—  1/5 
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t o  form  "blood, th r o m b o p la s t in  w as a f u n c t i o n  o f  b o th  th e  
a d so r b e d  p la sm a  an d  th e  serum  -  s e e  f i g u r e  '32 . R e s u l t s  
shown i n  t h e  e x p e r im e n ta l  a p p e n d ix  p a g e  w o  . I n  su c h  a 
t e s t  sy s te m  n e i t h e r  t h e  serum  n o r  th e  a d so r b e d  p la sm a  from  
th e  p a t i e n t  w i l l  form  th r o m b o p la s t in  w i t h  i t s  norm al c o u n te r  
p a r t .  F ig u r e  show s t h e  e f f e c t  o f  th e  u n d i lu t e d  p a t i e n t  
a d so r b e d  p la sm a  on a t h r o m b o p la s t in  g e n e r a t in g  sy s te m  w it h  
d i l u t e d  r e a g e n t s .
A n t ih a e m o p h il ic  g l o b u l i n  a s s a y .
U s in g  t h e  t h r o m b o p la s t in  g e n e r a t io n  te c h n iq u e  th e  A .H.G  
w as a s s a y e d .  The p a t i e n t ’s  a d so r b e d  p la sm a  u se d  i n  a  d i l u ­
t i o n  o f  one i n  f i v e .  T h ere  w as a  norm al c o n c e n t r a t io n  o f  
A .H .G . ( s e e  a p p e n d ix  p a g e  a 0 3  )
C h r is tm a s  f a c t o r  a s s a y .
U s in g  th e  t h r o m b o p la s t in  g e n e r a t io n  te c h n iq u e  th e  
C h r is tm a s  f a c t o r  w as a s s a y e d ,  th e  serum  b e in g  u s e d  a t  a  
d i l u t i o n  o f  one i n  t e n .  T h ere  was a  norm al c o n c e n t r a t io n  
o f  C h r is tm a s  f a c t o r  ( s e e  a p p e n d ix  p age it o s )
P l a t e l e t  a c t i v i t y .
I n  g e n e r a t in g  th r o m b o p la s t in  th e  a c t i v i t y  o f  th e  p l a t e ­
l e t s  w as n orm al ( s e e  a p p en d ix  p a g e  t i l s ' ) .  The p l a t e l e t s  
w ere n u m e r ic a l ly  n o r m a l.
F ig u r e  (1 3 4 )
Thromboplast in  g e n e ra t io n  t e s t  i n  the  p a t i e n t
i
w i t h  an  a t y p i c a l  c i r c u l a t i n g  t h r o m b o p l a s t i n  i n h i b i t o r .  
O r d i n a t e  -  p e r c e n t a g e  t h r o m b o p l a s t i n .
A b s c i s s a  -  t im e  i n  m in u te s  a f t e r  a d d i t i o n  o f  
c a lc iu m .
Normal adsorbed plasma 1 / 5  . 0 .3  m l.
N orm al serum  l / i o  0 . 3  m l .
P l a t e l e t s  0 . 3  m l.
m/4 0  C aC l2 0 . 3  m l.
p lu s
1  m l.  s a l i n e  
X— X 0 . 4  m l.  p a t i e n t  a d s  p la s m a .
0 .6  m l.  s a l i n e .
0 -------0 0 .6  m l ,  p a t i e n t  ad s*  p la s m a .
0 . 4  m l.  " s a l in e .
• -------•  1 m l.  p a t i e n t  a d s .  p la s m a .
1
’/o  thromboplastin
1 0 0
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P r o th ro m b in  c o n c e n t r a t i o n  -
N o r m a l-u s in g  th e  t w o - s t a g e  a r e a  m eth od  o f  B ig g s  and  
D o u g la s .  A n t ith r o m b in  c o n c e n t r a t io n  i n  t h e  p a t i e n t  s i m i l a r  
t o  t h e  n o r m a l.
F i b r i n o l y s i s  -
No in c r e a s e  i n  a c t i v i t y  -  m eth od  d e s c r ib e d  i n  e x p e r i ­
m e n ta l a p p e n d ix .
A d d i t io n  o f  e x t r a  c a lc iu m  -
T h is  h ad  ho e f f e c t  on t h e  w h o le  b lo o d  c l o t t i n g  t im e  -  
s e e  a p p e n d ix
T hrom bin g e n e r a t io n  t e s t  (w h o le  b lo o d )
(M a c fa r la n e  and B ig g s  1953)~show s d e la y  i n  th ro m b in  
fo r m a t io n  -  s e e  f i g u r e  / 35' .
R e a c t io n  o f  p a t i e n t ’ s  p la sm a  t o  form ed  b lo o d  th r o m b o p la s t in  -  
n o r m a l.
R e c a l c i f i c a t i o n  t i m e s .
S m a ll a d d i t i o n s  o f  t h e  p a t i e n t ’s  p la sm a  a re  a b le  t o  
c o r r e c t  t h e  c a lc iu m  c l o t t i n g  t im e  i n  C h r istm a s d i s e a s e  o r  i n  
h a e m o p h il ia .  S m a ll a d d i t io n s  do n o t  p r o lo n g  th e  t im e s  o f  
norm al p la s m a . S m a ll  a d d i t io n s  o f  norm al p la sm a  w o u ld  n o t  
s h o r te n  t h e  p a t i e n t ’ s r e c a l c i f i c a t i o n  t im e .
F ig u r e  (1 3 5 )
T hrom bin g e n e r a t io n  i n  th e  p a t i e n t  w it h  th e  
a t y p i c a l  c i r c u l a t i n g  th r o m b o p la s t in  i n h i b i t o r .  
O r d in a te  -  yh rom b in  u n i t s .
A b s c i s s a  -  Tim e i n  m in u t e s ,  
t -  1  n o r m a l.
thrombin units
2 4 6 8 IO 12 14 16 »  20 22
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E x p e r im en t  a t  b e n c h  t e m p e r a tu r e
S y s te m  0 .1  p la s m a . 0 .1  a d d i t i o n ,  0 .1  s a l i n e ,  0 .1  C a .C lg
A d d it io n  
0 .1  "
0 .2  p la sm a  
0 .8  s a l i n e '
D o u b lin g  d i l u t i o n s  
i n  s a l i n e
X m as.ti + norm al i s i ! 1 3 f i s i* p a t ie n t ; 17 1 8 l 1 84 haem . | 1 4 f 1 8 f 17
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a lo n e  
4 5 ’
P a t .tt + n orm al + Xm as.
+ Haem.
10
10
12
8
10
8:
9
10
12
9 | P a t .  
l o i  I a lo n e
12 i 12
Haem.
»r
tt
+ norm al 8 i 7 1
Hh p a t . 11 i 1 0 ! 10
+ X m as. 8 | i o i | 7 i
+ n orm al . | 6 ! 6
+ haem . s i 1 s i s i
+ X m as. 5 1 6 6
+ p a t . 6 S s i 4 f
10
10
9 f
------ j.
6 I
5§f |
4f I
5i i
1 1 g j Haem.
8g- S a lo n e
9 I 35  
 i__________
6 !
5
6 i
Norm.
tt
tt
tt
T h is  e x p e r im e n t w as c a r r ie d  o u t a t  room te m p e r a tu r e  to  
p r o d u c e  a w id e r  11 sp r e a d  u t o  t h e  f i g u r e s .
P r o ta m in e  T i t r a t i o n  ~ no e v id e n c e  o f  e x c e s s  o f  h e p a r in  -  s e e  
a p p e n d ix  p a g e  .
D e s t r u c t i o n  o f  fo rm ed  t h r o m b o p la s t in .
A s w i l l  b e  s e e n  from  th e  r e s u l t s  i n  th e  e x p e r im e n ta l  
a p p e n d ix  p age  (f20 th e  p a t i e n t ’s  serum  a p p ea red  t o  d e s t r o y  
form ed  th r o m b o p la s t in  more r a p id l y  th a n  th e  norm al serum . 
T h is  e x p e r im e n t  h ow ever i s  d i f f i c u l t  t o  i n t e r p r e t  a s  th e  
r e s u l t s  may b e  due t o  c o n t in u in g  i n h i b i t i o n  o f  fo r m a t io n .
-  4 5 2  ~
The e f f e c t  on the th rom b op lastin  g e n e r a tio n  o f  normal r e a g e n ts  
o f  a d d it io n  o f  vary in g  amounts o f  th e  p a t i e n t ’s adsorbed  
plasm a. (F igu re 13 4 ) .
In  t h i s  experim ent normal adsorbed plasm a, normal serum, 
p l a t e l e t s  and calcium  were in cu b ated  to g e th e r  w ith  ic e  s a l in e  
as th e  b la n k  (curve A in  f ig u r e  0 4 - ) .  In  curve D t h e  s a l in e  
was r e p la c e d  by p a t i e n t ’s a d s . plasm a. In  curve B 0 .4  o f  
th e  p a t i e n t ’s adsorbed plasm a and in  curve C 0 .6  o f  the  
p a t i e n t ’ s adsorbed plasma were added, the rem ainder o f  th e  
1 c c . b e in g  made up w ith  s a l i n e .  The in h ib it io n  o f thrombo­
p l a s t i n  fo rm a tio n  i s  c le a r ly  dem onstrated .
R e a c tio n  t o  d i lu t io n s  o f b r a in  th ro m b o p la stin .
W ith in c r e a s in g  d i lu t io n  o f  th e  b ra in  th ere  i s  abnormal 
in c r e a s e  in  c lo t t i n g  tim e r e la t iv e  to  the normal p lasm a.
T h is  i s  a f e a tu r e  common to  a l l  b lood  throm bop lastin  d e f e c t s .
On t e s t in g  fo r  p o s s ib le  d e s tr u c t io n  o f b ra in  th ere  was 
no ab n orm ality  (se e  page / ffS o f  experim en ta l ap p en d ix ).
Comment on t h i s  p a t i e n t .
T h is  p a t ie n t  had a c o a g u la tio n  d e fe c t  c h a r a c te r ise d  by  
d e f e c t iv e  prothrom bin consum ption. There was th e r e fo r e  an 
ab n orm ality  o f  b lood  th rom b op lastin  b u t th e  nature o f t h i s  
was not a t  f i r s t  o b v io u s . There was no d e f ic ie n c y  o f  
p l a t e l e t s ,  a n tih a em o p h ilic  g lo b u lin  or the Christm as f a c t o r ,
or o f  f a c t o r s  V or VII or prothrombin i t s e l f .  U sing  r e ­
c a l c i f i c a t i o n  t im e s , t h e  p a t i e n t ’s plasma was ab le  t o  c o r r e c t  
h aem op h ilie  and Christmas d is e a s e  plasmas and d id  not p ro lon g  
the c l o t t i n g  t im e o f  normal p lasm a. The p a t i e n t ’s ca lc ium  
c l o t t i n g  time was not a p p rec ia b ly  sh ortened  by the a d d it io n  
o f  normal p lasm a. The th rom b op last in  g e n e r a t io n  t e s t  was 
normal when t h e  r e a g e n ts  were used at the  standard d i l u t i o n s .  
I t  was o n ly  when th e  t e s t  was m o d if ied  by u s in g  th e  adsorbed  
plasm a and serum u n d ilu te d  t h a t  th e  d e fe c t  was dem onstrab le .  
The abnorm ality  was a fu n c t io n  o f  both  th e  adsorbed plasma  
and t h e  serum. The l i k e l y  ex p la n a t io n  o f  t h i s  case  i s  o f  
a c i r c u l a t i n g  th rom b op lastin  in h ib i t o r  whose a c t i v i t y  i s  r e ­
moved by d i l u t i o n .  There have been no p rev io u s  r e p o r ts  o f  
p a t i e n t s  o f  t h i s  t y p e .
S U M M A R Y
(1) P a t ie n t s  w ith  c i r c u l a t i n g  a n t ic o a g u la n ts  can he d iv id e d  
i n t o  th r e e  c a t e g o r i e s .
(a ) c o m p lic a t in g  haem ophilia  or Christmas d i s e a s e .
(b) co m p lic a t in g  pregnancy.
( c )  m is c e l la n e o u s  -  a s s o c ia t e d  or not w ith  o ther
r e c o g n is e d  d i s e a s e .
The r e s u l t s  on i l l u s t r a t i v e  ca ses  are d e sc r ib ed  and 
d i s c u s s e d .
(2 )  An a t y p ic a l  th r o m b o p la s t in  i n h ib i t o r  w ith  p r e v io u s ly
u n d escr ib ed  f e a t u r e s  i s  r e p o r te d .  This p a t i e n t  had a 
p ro lon ged  whole b lood  c l o t t i n g  time and d e f e c t iv e  
prothrom bin consum ption. Plasma from t h i s  p a t i e n t  
was ab le  to  sh o rten  the calc ium  c l o t t i n g  tim es o f  
haem oph ilic  or Christmas d is e a s e  plasmas and d id  not  
p ro lon g  the  r e c a l c i f i c a t i o n  time o f  normal p lasm a.
The th rom b o p last in  g e n e r a t io n  t e s t  when used as de­
s c r ib e d  in  the o r ig i n a l  techn iqu e  w ith  th e  adsorbed  
plasma and serum d i lu t e d  gave normal r e s u l t s .  When 
t h e s e  r e a g e n ts  were used u n d ilu te d  the i n h i b i t i o n  o f  
th ro m b o p last in  form ation  was r e a d i ly  dem onstrated. 
These r e s u l t s  were in te r p r e te d  as due to  a c i r c u la t i n g  
th rom b op la st in  i n h ib i t o r  the e f f e c t  o f  which was rea d ­
i l y  removed by d i l u t i o n .
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DENTAL EXTRACTION IN HAEMOPHILIA AND CHRISTMAS DISEASE
The management o f  the haem ophiliac  p r e se n ts  many d i f ­
f i c u l t i e s  and n o t  l e a s t  amongst th e s e  i s  the  problem o f  
d e n ta l  e x t r a c t i o n .  The in c id e n c e  o f  haem oph ilia  i n  th e  
p o p u la t io n  i s  not h ig h ,  an approximate e s t im a te  fo r  the West 
o f  S c o t la n d  b e in g  one p er  3 0 -3 5 ,0 0 0  (see  Chapter >6 ) .  In
c o n tr a s t  to  th e  low In c id en ce  o f  th e  c o n d it io n  i s  th e  f r e ­
quency w i t h  which t h e s e  s u f f e r e r s  r eq u ire  h o s p i t a l  management. 
Amongst the  commonest causes o f  ad m iss ion  o f  the  haem oph iliac  
t o  h o s p i t a l  i s  th e  n e c e s s i t y  f o r  to o th  e x t r a c t io n .
Most h aem op h iliacs  show g r e a t  r e lu c ta n c e  in  seek in g  
d e n ta l  a t t e n t i o n .  The f e a r  o f  to o th  e x t r a c t io n  i s  o f  course  
w e l l  j u s t i f i e d ;  u n fo r tu n a te ly  t h i s  dread o f  d e n ta l  trea tm en t  
has p rev en ted  the proper care o f  the t e e t h  by c o n se r v a t iv e  
methods and as a consequence t h e i r  t e e t h  have been n e g le c t e d .  
We have se en  on s e v e r a l  o c ca s io n s  haem op h iliacs  o f  about 
tw enty  y ea rs  o f  a g e ,  r e q u ir in g  complete c le a r a n c e  o f  t e e t h .  
Many o f  th e  t e e t h  are r ep re sen ted  m erely  by s h e l l s  submerged 
i n  th e  gum margin and co n seq u en tly  paradon ta l s e p s i s  i s  f r e ­
quent .
I t  i s  th e  o b je c t  o f  t h i s  ch ap ter  t o  r e p o r t  e x p e r ie n c e s  
in  the  management o f  d e n ta l  e x t r a c t io n  in  p a t i e n t s  w ith
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h a e m o p h i l i a  or  th e  c l o s e l y  a l l i e d  c o n d i t i o n  C h r is tm a s  d i s e a s e .
MATERIAL AND MET HODS.
Twenty-two d e n ta l  o p e r a t io n s  were c a r r ie d  out on e ig h t  
p a t i e n t s ;  seven  o f  t h e s e  were haem op h iliacs  ( la c k in g  a n t i -  
h aem op h ilic  g lo b u l in )  and the  e ig h th  was a p a t i e n t  w ith  
Christm as d i s e a s e  ( la c k  o f  th e  Christmas f a c t o r ) .  The num­
b e r  o f  d e n ta l  o p e r a t io n s  perform ed on each p a t i e n t  v a r ie d  
from one t o  f i v e  depending on the  number o f  t e e t h  r e q u ir in g  
e x t r a c t i o n .  The im portant f e a t u r e s  o f  th ese  d e n ta l  opera­
t i o n s  are summarized i n  Table 33  . The p a t i e n t s  were a l l  ad­
m it te d  t o  h o s p i t a l ;  th e y  were warned t h a t  the measures t o  
be adopted were u n l ik e ly  t o  co m p lete ly  preven t haemorrhage 
bu t t h a t  such b le e d in g  as would occur would not be s e r io u s  
in  i t s  e x t e n t .
Number o f  e x tr a c t io n s  a t  each o p e r a t io n .
The number o f  t e e t h  e x tr a c te d  a t  each d e n ta l  o p e r a t io n  
v a r ie d  from one t o  fo u r .  The number o f  t e e t h  e x tr a c te d  a t  
each  o p e r a t io n  can be summarized as f o l l o w s :-
1 2  o p e r a tio n s  -  one to o th  e x tr a c t e d
5 u -  two t e e t h  11
4 11 -  three  t e e t h  M
1 o p e r a tio n  - fo u r  t e e t h  ,f
The t e e t h  were e x tr a c t e d  by Mr. J .  A. Orr in  the  Glasgow 
D en ta l H o s p it a l .
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A n t i b i o t i c  Therapy .
A n t i b i o t i c  therap y  was a d m in is tered  r o u t i n e ly ,  s t a r t in g  
on the day p r io r  t o  the  e x t r a c t i o n s .  In  the  e a r l i e r  p art  
o f  the stu dy  p a r e n te r a l  p e n i c i l l i n  was used but t h e r e a f t e r  
o r a l  a n t i b i o t i c  therap y  w ith  C hlorom ycetin  or aureom ycin.
The course  o f  the  o r a l  a n t i b i o t i c  was f o r  10 days i n i t i a l l y  
b u t a g a in  i n  th e  l a t e r  e x t r a c t i o n s , t h i s  was reduced to  f i v e  
d a y s .
A c r y l i c  r e s i n  s p l i n t .
For each  p a t i e n t  a p r o t e c t iv e  d e n ta l  s p l in t  was made 
p r io r  to  the o p e r a t io n  and in s e r t e d  im m ediately  a f t e r  removal 
o f  th e  t e e t h .  The s p l i n t  was c o n s tr u c te d  in  th e  f o l lo w in g  
manner: an im p r ess io n  o f  th e  t e e t h  was taken in  one of the
a l g in a t e  im p ress io n  m a te r ia ls  such as Z e le x  and from t h i s  a 
model poured in  s ton e  p l a s t e r .  From the model the  to o th  or 
t e e t h  t o  be e x tr a c te d  were removed and over t h i s  area a 
t h ic k n e s s  o f  d e n ta l  wax -was f i t t e d .  Another a lg in a te  im­
p r e s s io n  was taken  from the f i r s t  model and a second model 
c a s t  i n  s t o n e .  Upon t i l l s  second model a la y e r  o f  wax was 
p la c e d ,  trimmed to  the ex a ct  requirem ents o f  th e  s p l i n t  and 
then  p r o c e sse d  in  c le a r  a c r y l i c  r e s i n .  The reaso n  f o r  the  
f i r s t  la y e r  o f  wax over the to o th  so c k e t  was to  a llo w  s u f ­
f i c i e n t  space betw een th e  a c r y l i c  s p l i n t  and th e  so ck et  fo r  
i n s e r t i o n  o f  b la c k  g u t ta  perch a . T h is  g u t ta  percha was w e l l
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t o l e r a t e d  by th e  s o f t  t i s s u e s ,  so t h a t  at th e  s i t e  o f  opera­
t i o n  no hard a c r y l i c  came in  c o n ta c t  w ith  the wound, but a t  
the same time th e r e  was a c lo s e  s e a l .
These s p l i n t s  were prepared in  the Glasgow D en ta l Hos­
p i t a l .  An example i s  i l l u s t r a t e d  in  f ig u r e  /6~o . When 
s i g n i f i c a n t  b le e d in g  occurred  t h e r e  was no h e s i t a t i o n  in  
rem oving th e  s p l i n t  f o r  r e a p p l ic a t io n  o f  l o c a l  h a em o sta tic  
m easures; th e  s p l i n t  was th e n  r e i n s e r t e d .  Where i n s i g n i f ­
ic a n t  b le e d in g  occurred  the  s p l i n t  was l e f t  i n  p o s i t i o n  fo r  
1 0 -1 4  days b e fo r e  rem oval; a t  the  end o f  th a t  time th ere  
was g e n e r a l ly  a h e a led  so c k e t  when the s p l i n t  was taken o u t .
L oca l h a em o sta t ic  t r e a tm e n t .
T h is  c o n s i s t e d  o f  an absorbable  d r e s s in g  such as c a l g i -  
t e x  or g e la t i n e  sponge soaked in  com m ercia lly  a v a i la b le  
b ov in e  thrombin or R u s s e l l ’ s V iper Venom. M aintained l o c a l  
d i g i t a l  p r e ssu re  was sometimes r e q u ir e d .
A n a e s t h e s ia .
In  a sm a ll  number o f  the e a r l i e r  o p e r a tio n s  o f  th e  s e r i e s  
a n a e s th e s ia  was r e g io n a l  by i n f e r i o r  d e n ta l  i n j e c t i o n ;  the  
g r e a t  m a jo r i ty  o f  the  o p era tio n s  were undertaken w ith  l o c a l  
i n f i l t r a t i o n  a n a e s t h e s ia .
Replacement th e r a p y .
Therapy w ith  b lood  or b loo d  products  was used  In an
F igu re  (150)
5*1 'Pi; v 150 )
D en ta l s p l i n t  used  i n  th e  management o f  
e x t r a c t io n s  i n  h aem op h ilia  and Christm as d i s e a s e .
T h is  photograph shows an a c r y l i c  r e s i n  d e n ta l  
s p l i n t  w ith  th e  b la c k  g u t t a  perch a  i n  p o s i t i o n .

attem p t to  supp ly  the c o a g u la t io n  components m is s in g  in  th ese  
p a t i e n t s .  In  the e a r l i e r  e x t r a c t io n s  o f  the s e r i e s  hank 
h lo o d  was u se d , hut l a t e r  f r e s h  fr o z e n  p lasm a. F resh  fr o z e n  
plasma was e v e n tu a l ly  adopted as the r o u t in e  form o f  r e p l a c e ­
ment therapy f o r  d e f i c i e n c y  o f  a n t ih a em o p h ilic  g l o b u l i n .  In  
one p a t i e n t  a la r g e  amount o f  t h e .d r i e d  plasma f r a c t i o n  
(Cohn I )  c o n ta in in g  a n t ih a em o p h ilic  g lo b u l in  was g iv e n .
In  th e  l a t e r  e x t r a c t io n s  whole h lood  was used  on ly  f o r  
r a i s i n g  th e  haem oglobin l e v e l  where t h i s  had f a l l e n  s i g n i f i ­
c a n t ly  as a consequence o f  b le e d in g .  B lood was h e ld  matched  
fo r  each  p a t i e n t  f o r  a p e r io d  1 0 -14  days from the tim e o f  
e x t r a c t i o n .  H aem ophiliacs are o f t e n  th e  r e c ip i e n t s  o f  
m u lt ip le  t r a n s fu s io n s  and th e re  i s  the danger o f  h a em oly tic  
t r a n s f u s io n  r e a c t io n s  u n le s s  s e n s i t i v e  c o m p a ta b il i ty  t e s t s  
are employed. Two o f  th e  p a t i e n t s  were Rhesus n e g a t iv e  and 
had a n t i-D  a n t ib o d ie s  in  consequence o f  p r e v io u s  a d m in is tr a ­
t i o n  o f  b lo o d .
RESULTS
Occurrence o f  haemorrhage.
In f ig u r e  t 6 \  i s .  shown by h is togram  the in c id en ce  o f  
haemorrhage, subsequent to  the 20 d e n ta l  o p e r a t io n s .  Even 
when the b le e d in g  was minimal in  e x t e n t ,  p o s s i b l y  on ly  the  
s t a in in g  o f  s a l i v a  over a sh o rt  p e r io d ,  haemorrhage was 
record ed  as having occurred  on th a t  p a r t i c u la r  day.
F igu re  (151)
In c id en ce  of haemorrhage f o l lo w in g  t o o t h  e x t r a c t i o n  
i n  haem op h ilia  and Christm as d i s e a s e .
O rdinate -  number o f  d e n ta l  o p e r a t io n s  i n  which . 
haemorrhage o ccu rred .
A b s c is s a  -  tim e i n  days a f t e r  e x t r a c t i o n .
T h is  h is togram  summarises the in c id e n c e  o f  
haemorrhage on the  days f o l lo w in g  to o t h  e x t r a c t i o n .
Even when b le e d in g  was m inim al i t  was rec o rd ed  as  
havin g  o ccu rred  on t h a t  p a r t i c u la r  day.
number of 
dental operations
u -
1 2 -
IO -
m
8 -
6 -  
4 -
2 -
2 4 6 8 IO 12 14 16
time in days
D
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Comparison w ith  th e  f a l l  in  haem oglobin as r eco rd ed  i n  
Table 33 w i l l  show t h a t  th e  b le e d in g  was f r e q u e n t ly  minimal 
in  i t s  e x t e n t .  I t  w i l l  be seen  th a t  b le e d in g  was ra re  on 
the f i r s t  day but v e ry  common on the  t h ir d  day ( i . e .  48 hours  
a f t e r  e x t r a c t i o n ) .  There was some b le e d in g  a t  t h i s  t im e In  
15  out of th e  20 o p e r a t io n s .  Haemorrhage was common up to  
the e ig h th  day a f t e r  e x t r a c t io n  but unusual a f t e r  th a t  t im e .
In one p a t ie n t  b le e d in g  stopped  on ly  a t  th e  s i x t e e n t h  day.
The r e l a t i v e  freedom from b le e d in g  during the f i r s t  36 -48  
hours fo l lo w in g  e x t r a c t io n  may be e x p la in e d  by th e  r e p la c e ­
ment therapy g iv e n  j u s t  p r io r  to  th e  o p e r a t io n  or as a r e ­
s u l t  o f  the th r o m b o p la s t ic  a c t i v i t y  o f  the damaged t i s s u e  a t  
the e x t r a c t io n  s i t e .
B lood  L o s s .
In an attem pt t o  e s t im a te  the b lo od  l o s s ,  haem oglobin  
l e v e l s  were made d a i l y  and th e  lo w e s t  v a lu e  record ed  in  th e  
p o s t - o p e r a t iv e  p e r io d  was u sed  as an approximate i n d ic a t io n  
o f  the e x te n t  o f  haemorrhage. The mean f a l l  in  haem oglobin  
over a l l  the e x tr a c t io n s  was seven  per c e n t ,  p er  t o o t h  r e ­
moved. As would be ex p ected  the l o s s  o f  haem oglobin was 
p r o p o r t io n a l  to  th e  number o f  t e e t h  removed a t  each  o p e r a t io n .
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Mean f a l l  o f  h a e m o g lo b in
O p e r a t io n per o p e r a tio n  in  p e r c e n ta g e .
One to o th  e x tr a c te d  
Two te e th  e x tr a c te d
Three t e e th  e x tr a c te d  
Pour t e e th  e x tr a c te d
9
12
22
37
As a consequence o f  haemorrhage b lo o d  was o c c a s io n a l ly  
sw allow ed in  s u f f i c i e n t  q u a n tity  t o  cause v o m itin g  o f  c o f f e e -  
ground m a te r ia l .
D u ration  o f  in - p a t ie n t  management.
T h is  v a r ie d  from 9 to  23 days w ith  an average o f  13 d ays  
per d e n ta l o p e r a tio n .
These e x p e r ie n c e s  in  d e n ta l e x tr a c t io n  o f  h aem op h iliac  
p a t ie n t s  f a i l e d  t o  p rov id e  a com plete answer t o  the problem s 
o f management. N e v e r th e le s s  w ith  th e  a d o p tio n  o f  c e r ta in  
m easures such haemorrhage as occu rs w i l l  not be o f  s u f f i c i e n t  
s e v e r i t y  as to  endanger l i f e .
Number o f  e x tr a c t io n s  a t  each o p e r a t io n :
As a consequence o f  th e s e  e x p e r ie n c e s  in  the management 
o f  the e x tr a c t io n s  i t  was d ec id ed  th a t  g e n e r a l ly  o n ly  one 
to o th  sh ou ld  be e x tr a c te d  a t any one o p e r a tio n . Where two 
ad jacen t t e e t h  r eq u ired  to  be removed i t  was j u s t i f i a b l e  to  
e x tr a c t  t h e s e  a t  one o p e r a t i o n .  Where th e  t e e t h  were n o t
DISCUSSION
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a d ja cen t i t  was in a d v is a b le  t o  e x tr a c t  more th an  one to o th  
a t a t im e .
The e x tr a c t io n  o f  more th an  two t e e t h  r e s u l t e d  in  much 
troublesom e haem orrhage. These o b se r v a tio n s  con firm  th e  
o p in io n  o f  W hite and M a lle t t  (1 9 4 9 ) . The haemorrhage w hich  
fo l lo w s  th e  e x tr a c t io n  o f  la r g e  numbers o f  t e e t h  c a r r ie s  
r is k  to  l i f e  and i s  d em o ra lis in g  to  th e  p a t i e n t .  The t e e t h  
e x tr a c te d  were a l l  permanent t e e th ;  deciduous t e e t h  do n ot 
p r e sen t such a g r e a t  d i f f i c u l t y  th e re  b e in g  l e s s  trauma i n ­
v o lv ed  in  the e x tr a c t io n s .  I t  i s  our b e l i e f  t h a t ,  u n le s s  
th ere  be s p e c ia l  c ir cu m sta n c es , d ecid u ou s t e e t h  sh ou ld  be 
l e f t  t o  shed in  th e  normal manner.
A n t ib io t ic  T herapy.
As th e  r e s u l t  o f  n e g le c t  o f  th e  t e e t h  s e p s i s  a t  th e  s i t e  
o f  e x tr a c t io n  was fr e q u e n tly  p r e s e n t . To combat the a d d i­
t io n a l  r i s k  o f  b le e d in g  w hich m ight r e s u l t  from so c k e t  i n f e c ­
t io n  a l l  the p a t ie n t s  were g iv e n  a n t i b io t i c  th e ra p y . I n ­
i t i a l l y  p a r e n te r a l p e n i c i l l i n  was a d m in is tered  b u t t h i s  r e ­
s u lt e d  in  troublesom e haematomata a t  th e  s i t e  o f  in tra m u scu la r  
in j e c t io n  and was d is c o n t in u e d . T h e r e a fte r  o r a l a n t i b io t i c  
therap y was used  w ith  C hlorom ycetin  or aureom ycin .
A c r y lic  r e s in  s p l i n t .
The purpose o f  th e  s p l in t  was to  p r o te c t  the s o f t  f r ia b le  
c lo t  which f i l l s  th e  s o c k e t , from the trauma o f fo o d  or from
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d istu rb a n ce  by th e  ton gu e; a l e s s  im portant r o le  o f  th e  
d e n ta l s p l in t  was to  h o ld  h a em o sta tic  d r e s s in g s  in  p o s i t i o n .  
The s p l in t  was not u sed  fo r  th e  purpose o f  e x e r t in g  p r e ssu r e  
on the s o c k e t .  Such p re ssu re  may be dangerous in  consequence  
o f  haemorrhage occu rr in g  in to  t i s s u e ;  su ch  a haematoma in  th e  
neck can be o f  s u f f i c i e n t  s i z e  to  b lo c k  th e  a irw a y . P ressu re  
on a so c k e t a ls o  cau ses i t s  en largem ent and in c r e a s e s  the  
area  fo r  p o t e n t ia l  haem orrhage. I t  was e s s e n t i a l  th a t  th e  
s p l in t  was made w ith  s k i l l ;  a b a d ly  f i t t i n g  s p l i n t  was w orse  
than no s p l in t  a t  a l l .  The s p l in t  must f i t  a c c u r a te ly  on 
the rem aining t e e t h  and s ta y  f ir m ly  in  s i t u ;  a lo o s e  s p l in t  
cau ses d is tu rb a n ce  o f th e  p o o r ly  formed c lo t  in  th e  s o c k e t .
The s p l in t  must not cause p re ssu re  on th e  g in g iv a l  m argin a t  
any p art as such trauma w i l l  r e s u l t  in  an " a d d itio n a l s i t e  fo r  
haem orrhage. The a p p l ic a t io n  o f  the b lack  g u tta  percha to  
the s p l in t  a t  th e  area  o f  th e  wound was. found t o  be o f  v a lu e  
in  p r e v en tin g  in ju r y  o f th e  gum by th e  s p l i n t .  The s p l in t  
en a b le s  th e  p a t ie n t  to  take a s o f t  pu lped  d ie t  and he can be 
am bulatory in  th e  ward.
L ocal h a em o sta tic  tr e a tm e n t.
The a p p lic a t io n  o f  l o c a l  h a em o sta tic  ag en ts  to  th e  to o th  
so c k e ts  was o f  v ery  l im it e d  v a lu e .  No su r fa c e  a p p l ic a t io n  o f  
h a em o sta tic  a g en ts  can be c o n sid er ed  h ig h ly  s u c c e s s f u l  in  
haem ophilia  b le e d in g . To be  o f  v a l u e , a h a e m o s t a t i c  r e q u i r e s
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t o  be c a r r ie d  to  th e  s i t e  o f  b le e d in g  by th e  p a t i e n t ' s  own 
c ir c u la t io n .  Thrombin, fo r  exam ple, when a p p lie d  to  a so c k e t  
w i l l  produce a su r fa c e  la y e r  o f  f i b r in  from th e b lo o d  f i l l i n g  
a so c k e t but t h i s  does n o t p rev en t b le e d in g  o ccu rr in g  from  
the f r e e ly  f lo w in g  v e s s e l s  in  th e  b ase  o f  the wound.
A n a e s th e s ia .
L oca l a n a e s th e s ia  was e v e n tu a lly  adop ted  as th e  method 
o f  c h o ic e . R eg ion a l a n a e s th e s ia  by in f e r io r  d e n ta l  i n j e c t i o n  
c a r r ie s  the r i s k  o f  haematoma in to  th e  neck and o f  perm anent 
damage t o  the nerve by haem orrhage. H aem ophiliacs n o t in ­
fr e q u e n tly  s u f fe r  p e r ip h e r a l nerve damage as a consequence o f  
haem orrhage. E ndotracheal in tu b a t io n  during g e n e r a l a n a e s ­
th e s ia  i s  p o t e n t ia l ly  dangerous in  v ir tu e  o f  th e  p o s s ib le  d e ­
velopm ent o f  a la r y n g e a l haematoma.
Replacem ent T herapy.
The problem s o f rep lacem ent th erap y  have la r g e ly  b een  
d e a lt  w ith  in  C hapters 3 /  * ZZ  . F resh  fr o z e n  plasm a  
was used  in  th e  management o f  th e se  p a t ie n t s  . I t  i s  p rob ­
ab le  th a t  th e  a d m in is tr a t io n  o f  th e  la r g e  volum es o f  f r e s h  
fro z en  plasm a im m ediately  p r io r  to  th e  e x tr a c t io n s  had some 
h aem osta tic  v a lu e  a t  th e  tim e o f  the rem oval o f  th e  t e e t h .
From the s tu d ie s  d e sc r ib e d  in  Chapter 33 i t  i s  c le a r  th a t
»
th e  h a em o sta tic  v a lu e  o f  th e  in fu s io n  d e c r e a se s  r a p id ly  a f t e r
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the a d m in is tr a t io n  o f  the plasm a so  th a t  i t  i s  n e g l ig ib le  
a f t e r  24 h ou rs. The d i f f i c u l t i e s  o f  m a in ta in in g  h a e m o sta tic  
l e v e l s  o f  a n tih a em o p h ilic  g lo b u lin  are th e r e f o r e ,  a t  the  
p r e se n t  t im e , very  g r ea t in d eed . Cohn's plasm a f r a c t io n  I  
c o n ta in in g  a n tih a em o p h ilic  g lo b u lin  i s  a v a i la b le  as a ly o p h i l  
d r ie d  p r e p a r a tio n  in  am poules. The m a te r ia l ,  c o n ta in e d  In  
each  ampoule p rov id ed  by th e  t r a n s fu s io n  s e r v ic e s  in  t h i s  
r e g io n , i s  d er iv ed  from 100 m l. o f  p lasm a. Even w ith  f u l l  
recovery  o f  A.H.G. in  the am poules, te n  would b e  r e q u ir e d  to  
g iv e  the e q u iv a le n t  o f one l i t r e  o f  p lasm a. In  one p a t ie n t  
th e  d r ie d  a n tih a em o p h ilic  f r a c t io n  from f i f t e e n  p in t s  o f  
b lo o d  was g iv en  as a p r e o p e r a tiv e  m easure w ith  s a t i s f a c t o r y  
r e sp o n se . I t  i s  b e l ie v e d  th a t a t the p r e se n t  tim e th e  b e s t  
a v a i la b le  th e r a p e u tic  agent i s  f r e s h  fr o z e n  plasm a and th a t  
t h i s  must be used  in  la r g e  q u a n t i t ie s  such as a l i t r e  a t  a 
t im e . Moss (1955) r e p o r ts  on the v a lu e  o f  f r e s h  fr o z e n  
plasma in  the management o f  b le e d in g  to o th  s o c k e ts  in  haemo­
p h i l i a .
There can be no r e l ia n c e  on bank b lo o d  as a so u rce  o f  
a n tih a em o p h ilic  g lo b u lin  u n le s s  i t  has been  c o l l e c t e d  w ith in  
a few hours o f a d m in is tr a t io n . As has been  shown in  Chapter 
Zi  th e  C hristm as fa c to r  i s  not on ly  w e l l  p r e se r v e d  in  f r e s h  
fr o z e n  p lasm a, but i s  r e l a t i v e l y  w e l l  p r e ser v ed  a ls o  In  bank 
b lo o d . Bank b lo o d  i s  o f v a lu e  as a means o f  r a is in g  th e
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haem oglobin , where t h i s  has f a l l e n  and in  some m easure fo r  
c o r r e c t io n  o f  the h a em o sta tic  d e fe c t  in  C hristm as d is e a s e  
b u t n o t in  h a em o p h ilia .
O ccurrence o f  haem orrhage.
I t  w i l l  be observed  from F igu re  th a t  th e r e  i s  a r e l ­
a t iv e  immunity from haemorrhage during th e  f i r s t  3 6 -4 8  hours 
fo llo w in g  e x tr a c t io n .  T h is may be e x p la in e d  by th e  r e p la c e ­
ment therapy g iv en  Ju st p r io r  to  th e  o p e r a tio n  or as a r e s u l t  
o f  the th ro m b o p la stic  a c t i v i t y  o f  th e  damaged t i s s u e  a t  th e  
e x tr a c t io n  s i t e .
B lood l o s s .
The b lo o d  l o s s  as e s t im a te d  by haem oglobin  l e v e l s  i s  d e ­
sc r ib e d  above. I t  w i l l  be se e n  th a t  w ith  in c r e a s in g  number 
o f  e x tr a c t io n s  th e  f a l l  in  haem oglobin v a lu e  was p r o p o r t io n ­
a t e ly  g r e a te r . The numbers in v o lv e d  in  each  group are sm a ll  
but th e  f ig u r e s  g iv e  some in d ic a t io n  o f  th e  a n t ic ip a te d  l o s s  
o f b lood  from th e se  e x tr a c t io n s .
Du r a t io n  o f  in - p a t ie n t  management.
I t  w i l l  be a p p re c ia te d  th a t  where a com plete c le a r a n c e  
o f t e e t h  was r eq u ired  t h i s  in v o lv e s  a p r o tr a c te d  s ta y  in  
h o s p i t a l .  I t  was our p o l ic y  to  carry  out a sm all number o f  
o p e r a tio n s , p o s s ib ly  tw o, on one h o s p i t a l  a d m iss io n  and d i s -  
charge the p a t ie n t  fo r  su bseq uent r ea d m iss io n , The m o r a le  o f
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th e s e  p a t ie n t s  i s  rem arkably good c o n s id e r in g  th e  l i f e  o f  
ch ron ic  in v a lid ism  w hich th ey  have to  s u f f e r .  N e v e r th e le s s  
i t  i s  o f  b e n e f i t  to  them not to  make t h e ir  s ta y  in  h o s p i t a l  
on any one ad m ission  to o  p r o tr a c te d .
S U M M A R Y
1 . The r e s u l t s  o f  tw en ty -tw o  d e n ta l o p e r a tio n s  fo r  to o th  e x ­
t r a c t io n  in  p a t ie n t s  w ith  h aem op h ilia  or C hristm as  
d is e a s e  are r e p o r te d .
t
2 . The commonest tim e fo r  haemorrhage was th e  t h ir d  day
a f t e r  e x tr a c t io n  but som etim es t h i s  was s t i l l  o ccu rr in g  
as l a t e  as s ix t e e n  days a f t e r  th e  o p e r a tio n .
3 . I t  was a d v is a b le  to  e x tr a c t  o n ly  one to o th  a t  a tim e;
where two t e e t h  r e q u ir in g  e x tr a c t io n  were a d ja c e n t  i t  
was found j u s t i f i a b l e  t o  remove b o th  a t one o p e r a t io n .
4 . Oral a n t ib io t i c  th erap y was used  fo r  10 days from the
tim e o f e x tr a c t io n .
5 . Replacem ent th erap y  c o n s is te d  o f  one l i t r e  o f  f r e s h
fr o z e n  plasm a im m ed iately  p r io r  to  e x tr a c t io n  and on 
the occu rren ce o f  b le e d in g  p rov id ed  t h i s  was o f  s u f ­
f i c i e n t  s e v e r i t y .
6 . An a c r y l ic  r e s in  d e n ta l  s p l in t  was u sed  t o  p r o te c t  the
o p e r a tio n  s i t e  su bsequent to  e x t r a c t io n .
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I \
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5
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i ,
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1 ! i 1
j
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so c k e t  
s a t i s f a c t ­
o r i ly  
h e a ledB efore A fte r
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1 i
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6 th
1 p in t  b lo o d  
3 p in t s  b lood
92 80 7 14
j-M — —  mm —
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4 p in t s  b lood  
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98 : 68 
_i____ ......
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.
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1 p in t  b lo o d  
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i
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|
...........................L................ ..
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1 8 th
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1  p in t  f r e s h  
fr o z e n  plasm a
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1
■
;
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1 p in t  f r e s h  
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2nd
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1 "i  h
12
3 p in t s  b lo o d  
3 p in t s  b lood
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1
■
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jI _ -
5 3
i1
,[6, [7 , [8
|
Aureomycin G e la t in  
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throm bin
Infiltratioi;
Anaesthesia^
jM.M. i
'Christmas
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1 : i j Lower R . 
! f i r s t
; m olar!
Aureomycin C a lg ite x  & Infiltratioi 
throm bin Anaesthesia
| 1
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8c Infiltratioi 
‘Anaesthesia
(W.Y. j
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; - i
!; 1 i
I I 
i j
1 j 2
l
ij
1
»I
; 75~ Oral
a n t i b io t i c s
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i 1i
\ ' !
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• 8 4 1 ,
1
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1 i 1§\i l
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i
2 • i 2i
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62 16
is f r o 7, e n o 1 8  sma fr o z e n  plasm a  
1 p in t  b lo o d
i-oi i  l i t r e  f r e s h  
frozen  plasma.
. None 1 0 0 99 3 9
LOij 1 l i t r e  fr e s h  
^[frozen  plasm a
None 105 94 4 1 0
A 1 l i t r e  f r e s h  
■a: frozen  plasm a
None 96 96 i 5
........................
1 0
■oi f  l i t r e  fr e sh  
■a frozen  plasma
None 74 64
\
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oi f  l i t r e  f r e s h  
■a frozen  plasm a
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I
j
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a fro zen  plasma
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CHAPTER 2 t
"IN VITRO” SURVIVAL OF COAGULATION COMPONENTS IN BANK BLOOD
AND FRESH FROZEN PLASMA
In management o f  haem orrhage, as a r e s u l t  o f  d iso r d e r e d  
b lo o d  c o a g u la t io n , th erap y  i s  d ir e c te d  tow ards th e  c o r r e c t io n  
o f  th e  h aem osta tic  d e f e c t .  The on ly  a v a i la b le  sou rce  o f  
su p p ly  o f  m iss in g  c o a g u la t io n  components i s  human b lo o d ,  
e s p e c ia l ly  th e  plasm a and plasm a p r o d u cts . In  th e  n ex t  
chapter a stu d y  i s  made o f  th e  " in  v ivo"  s u r v iv a l o f  co a g u la ­
t io n  components in  p a r t ic u la r  o f  a n tih a em o p h ilic  g lo b u lin  
and the C hristm as fa c t o r  in  h aem oph ilia  or Christm as d i s e a s e .  
These s tu d ie s  em phasize th e  d i f f i c u l t i e s  o f  s u c c e s s fu l  r e ­
placem ent o f  th ese  com ponents. In  order t o  o b ta in  the  
op tim al r e s u l t  from rep lacem ent therap y i t  i s  e s s e n t i a l  to  
know th e " in  v itr o "  p r e se r v a t io n  o f  th e se  components in  bank 
b lo o d , f r e s h  fr o z e n  plasm a and plasm a p r o d u c ts . In  t h i s  
chap ter  t h i s  p r e se r v a t io n  has been  s tu d ie d  w ith  p a r t ic u la r  
r e fe r e n c e  to  bank b lood  and fr e s h  fr o z e n  p lasm a. A few  
o b se r v a tio n s  have been  made on a n tih a em o p h ilic  g lo b o l in  su r ­
v iv a l  in  th e  d r ied  plasm a f r a c t io n .
Bank B lo o d .
The b lo o d  lo s s  from haemorrhage due to  a c o a g u la t io n
Lf. ( q  O
d istu rb a n ce  w i l l  f r e q u e n t ly  r eq u ire  the a d m in is tr a t io n  o f  
bank b lood  to  c o r r e c t  th e  reduced haem oglobin l e v e l .
When i t  i s  u sed  fo r  t h i s  purpose i t  i s  n e c e ss a r y  to  
have an a p p r e c ia t io n  o f  th e  s u r v iv a l  o f th e  c o a g u la t io n  com­
p on en ts in  the bank b lo o d . The f a c to r s  s tu d ie d  in  bank 
b lo o d  were prothrom bin, f a c to r  V, a n tih a em o p h ilic  g lo b u lin ,  
C hristm as f a c t o r ,  fa c to r  V II p l a t e l e t s  and f ib r in o g e n . B lood  
was c o l l e c t e d  under th e  u su a l c o n d it io n s  fo r  donor b lo o d  fo r  
tr a n s fu s io n  pu rp oses (s e e  appendix page U Z Z  ) .  T h is b lo o d  
was kep t in  a r e f r ig e r a to r  a t  4° C. w hich i s  th e  stan d ard  
c o n d it io n  o f  s to r a g e . On each  day on w hich an a ssa y  o f  a 
component was made a specim en o f  f r e s h  normal b lo o d  was c o l ­
l e c t e d  in  th e  same a n tic o a g u la n t and p r o p o r tio n s as fo r  th e
bank b lo o d . T his was used as the standard  c o n ta in in g  100$  
fo r  com parison w ith  th e  s to r e d  b lo o d . The b lo o d  from th e  
b o t t l e  was o b ta in ed  by p ie r c in g  th e  rubber diaphragm on the  
top  o f  th e  b o t t l e  w ith  a n eed le  and e x tr a c t in g  a specim en o f  
b lo o d  w ith  a s y r in g e . The n eed le  and sy r in g e  were p r e v io u s ly  
s t e r i l i z e d  u s in g  dry h ea t (160° C. fo r  not l e s s  than  one 
h o u r ) .
The d e t a i l s  o f th e  a ssa y  tech n iq u es  fo r  each  o f  th e se  
components are g iv en  in  th e  appendix where in  a d d it io n  are  
d e sc r ib e d  th e  f u l l  r e s u l t s .  In  f ig u r e s  ^36 -  ^ 3  the
r e s u l t s  are g iv en  as the mean o f  th e  o b se r v a tio n s  on , a t
F igu re (136)
V -i-
A n tih aem op h ilic  g lo b u lin  s u r v iv a l  in  bank b lo o d . 
O rdinate -  p ercen ta g e  a n tih a em o p h ilic  g lo b u l in .  
A b sc is sa  -  tim e in  days a f t e r  c o l l e c t i o n  o f  b lo o d .
loo- % anti haemophilic globulin.
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l e a s t ,  f i v e  b o t t l e s  o f b lo o d  m a in ta in ed  over a p e r io d  o f  
21 days w hich i s  th e  stan d ard  tim e fo r  s to r a g e  o f  b lood  fo r  
t r a n s fu s io n  p u rp o ses .
A sm a ll number o f  o b se r v a tio n s  were made by rem oving 
sam ples o f  plasm a from th e b o t t l e s  d a i ly  and s to r in g  them a t  
■20° C. in  a deep f r e e z e .  These specim ens were then  a ssa y ed  
in  one exp erim en t. I t  was assumed th a t  th e  decay o f  the  
c o a g u la t io n  components in  the bank b lood  was h a lte d  by 
t r a n s f e r  t o  the -2 0 °  C. deep f r e e z in g  c a b in e t .
The f a c t o r s  were found to  d isap p ear  a t v ary in g  r a tS s .
The a n ti-h a e m o p h ilic  g lo b u lin  decayed m ost r a p id ly  and th e  
prothrom bin was the m ost s t a b le .  The order o f d isap p earan ce  
o f  th e  plasm a th rom b op lastin  components was - A,H.G fa c to r  
V, fa c to r  V II , Christm as fa c to r  and p l a t e l e t s .  The p r o ­
throm bin was more s ta b le  th a n  any o f  t h e s e .  The f ib r in o g e n  
was reduced by about t w o - f i f t h s  o f  i t s  o r ig in a l  c o n cen tra ­
t io n  over th e  21 day p e r io d .
A n tih a em o p h ilic  g lo b u l in :
The r e s u l t s  o f  th e  a ssa y s  on t h i s  are shown in  f ig u r e  f$<a 
The A*H.G, d isa p p ea rs w ith  g r e a t  r a p id ity  so th a t  b lood  
which i s  more than 36 hours o ld  i s  o f  no s ig n i f i c a n t  v a lu e  
as a sou rce  o f  A.H.G. The r a te  o f l o s s  i s  such th a t bloody  
w hich even  a few hours old,m ay have a s i g n i f i c a n t l y  low er  
l e v e l  o f A.H.G. th an  b lo o d  w hich i s  f r e s h ly  drawn.
F ig u r e  (1 3 7 )
A n tih a em o p h ilic  glcb u l i n  s u r v iv a l  in  hank b lo o d  -  
f a i lu r e  to  c o r r e c t  d e f i c i e n t  prothrom bin consum ption  
d f  r e c a l c i f i e d  h aem op h ilie  p lasm a.
O rdinate -  c lo t t i n g  tim e o f  f ib r in o g e n  in  se co n d s .
A b sc is sa  -  tim e in  m in u tes a f t e r  r e c a l c i f i c a t i o n .
The prothrom bin consum ption o f  h aem op h ilie  plasm a  
has been  fo llo w e d  over one h ou r. S im ila r  specim ens  
have been  s tu d ie d  fo r  prothrom bin consum ption a f t e r  
a d d it io n s  o f  plasma from 21 day o ld  bank b lo o d  and o f  
fr e s h  normal p lasm a.
 • -------•  h aem op h ilie  a lo n e .
. *
o ■—  o h a em o p h ilic+  plasm a from b o t t l e .
x— - x  h a e m o p h ilie^  plasm a from b o t t l e .
0-------0 haem ophilie  •+• p lasm a from b o t t l e .
 # ------ •  h aem op h ilie  •+ f r e s h  norm al.
clotting time in seconds
haem
bottle
bottle2 0
30
ttle50
60
70
haem + normal
80
time in minutes
I t  i s  u n fo r tu n a te  th a t  t h i s  i s  th e  one component o f  a l l  
the c lo t t in g  f a c t o r s  w hich in  p r a c t ic e  i s  m ost fr e q u e n t ly  
r eq u ire d  fo r  pu rp oses o f  rep lacem ent and i t  d isa p p ea r s  w ith  
the g r e a t e s t  r a p id i t y .
The a ssa y  o f  th e  A.H.G, i s  made on a lum ina-adsorbed  
plasm a, t h i s  a d so r p tio n  rem oving any p l a t e l e t s .  By e x p e r i­
ments to  be d e sc r ib e d  e ls e w h e r e , I  have shown th a t  p la t e le t s ^  
prepared  from low spun normal plasm a w hich  has s to o d  o v e r ­
n ig h t at 4° G. ,  have d evelop ed  c o n s id e r a b le  A.H.G. a c t i v i t y .  
In  a l im it e d  number o f  o b se r v a tio n s  i t  has been shown th a t  
th e  l o s s  o f  A.H.G. from h ig h  spun plasm a i s  a lm ost a s r a p id  
as from low spun p lasm a. P itn e y  (1955) in  a p e r so n a l com­
m u n ica tion  has a ls o  found t h i s .
In  order to  confirm  th e  A.H.G. d e t e r io r a t io n  o f  bank 
b lo o d  by a se p a r a te  te c h n iq u e , i t s  a b i l i t y  t o  c o r r e c t  the  
d e f e c t iv e  prothrom bin consum ption o f  h aem op h ilie  plasm a was 
t e s t e d .  In  f ig u r e  / 3 7  the r e s u l t s  o f such an experim ent 
are shown. T h is was c a r r ie d  out in  b lood  from th r ee  b o t t l e s  
a t  th e  end o f  th e  21 days o f s to r a g e . Plasma from two o f  
the b o t t l e s  produced no c o r r e c t io n  o f the r a te  o f  prothrom bin  
consum ption and th e  th ir d  b o t t l e  produced much l e s s  than  
th a t  from f r e s h  normal p lasm a. S e r ia l  e s t im a t io n s  on th e  
A.H.G. co n ten t o f the b o t t l e s  by a prothrom bin consum ption  
tech n iq u e  gave r e s u l t s  e s s e n t i a l l y  s im ila r  to  th o se  b y  the
F ig u r e  (1 3 8 )
Factor V s u r v iv a l  in  bank b lo o d .
O rdinate -  p ercen ta g e  f a c t o r  V.
A b sc is sa  -  tim e in  days a f t e r  c o l l e c t i o n  o f  b lo o d .
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F igu re (139)
Prothrom bin s u r v iv a l  in  bank b lo o d .
O rdinate -  p ercen ta g e  prothrom bin .
A b sc is sa  -  tim e in  days a f t e r  c o l l e c t i o n  o f  b lo o d .
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F ig u r e  (1 4 0 )
C h r is tm a s  f a c t o r  s u r v i v a l  i n  bank b l o o d .
O rdinate -  p ercen ta g e  C hristm as f a c t o r .
A b s c i s s a  -  t im e  i n  d a y s  a f t e r  c o l l e c t i o n  o f  b l o o d .
’/oChnstmas factor
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F i g u r e  ( 1 4 1 )
F a c t o r  V I I  s u r v i v a l  i n  "bank b l o o d .
O rdinate -  p ercen ta g e  fa c to r  V II .
A b s c i s s a  -  t im e  i n  d a y s  a f t e r  c o l l e c t i o n  o f  b l o o d .
IOO-
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F ig u r e  (1 4 2 )
P l a t e l e t  s u r v i v a l  i n  t a n k  b l o o d .
O rdinate -  p l a t e l e t  c o u n t.
A b s c i s s a  -  t im e  i n  d a y s  a f t e r  c o l l e c t i o n  o f  b l o o d .
platelet count
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th ro m b o p la stin  g e n e r a t io n  method (se e  page/^5" o f  a p p en d ix ). 
F a cto r  V :
A fte r  A*H.G. t h i s  i s  th e  plasm a fa c to r  w hich d isa p p ea rs  
m ost r a p id ly . T h is can be seen  in  F igu re . F a cto r  V 
d e f ic ie n c y  i s  so  seldom  encountered  in  c l i n i c a l  p r a c t ic e  
th a t  th e r a p e u t ic  rep lacem en t i s  on ly  r a r e ly  r e q u ir e d .
Prothrom bin, f a c to r  VII and Christm as f a c t o r .
From f ig u r e s  / 3 9 ) ( * to  and i t  w i l l  be seen  t h a t  th e se  
f a c t o r s  are  much more s ta b le  th a n  e ith e r  A.H.G. or fa c to r  V.
The prothrom bin  i s  v ery  s t a b le  but th e  fa c to r  V II and C hristm as  
f a c t o r  are not q u ite  so  w e l l  p reserv ed  lo s in g  about h a l f  
th e ir  c o n c e n tr a t io n  over the 21 day p e r io d .
S in c e  th e s e  components are r e l a t i v e l y  stab le .,b an k  b lo o d  
i s  o f  v a lu e  fo r  the c o r r e c t io n  o f  the h a em o sta tic  abn orm ality  
in  coum arin drug th erap y  or in  Christm as d is e a s e .
P l a t e l e t s .
There i s  a gradual l o s s  o f p l a t e l e t s  on s to r a g e  o f  bank 
b lo o d , to  about 50$ o f  the o r ig in a l  number over the p er io d  o f  
th ree  weeks - s e e  f ig u r e  . T h is i s  in  agreement w ith  
the f in d in g s  o f  Mustard (1 9 5 6 ). B e l l ,  on the o th er  hand, 
r e p o r ts  much more r a p id  lo s s  o f  p l a t e l e t s  from bank b lo o d  
(B e ll  1 9 5 3 ) . The p l a t e l e t s  w hich rem ain at th e  end o f  the  
21 day p e r io d  are s t i l l  capable o f  form ing b lo o d  th rom b op lastin
F ig u r e  (1 4 3 )
u r e  ( IdO)
F ib r in o g e n  s u r v i v a l  i n  bank b lo o d .
O rd in ate  -  f i b r i n o g e n  i n  mg. %
A b s c i s s a  -  t im e  i n  days a f t e r  c o l l e c t i o n  o f  b lo o d .
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(se© appendix page ( U ( & ) . Whether th e s e  p l a t e l e t s  w i l l  s t i l l  
fu n c t io n  norm ally  f,in  v iv o tf i s  , how ever, p r o b le m a tic a l.
F ib r in o g e n .
A pproxim ately th ree  f i f t h s  o f  the o r ig in a l  co n cen tra ­
t io n  o f  f ib r in o g e n  rem ain a t  the end o f  th e  th r ee  w eek s’ 
sto r a g e  p e r io d  (se e  F igu re ) .  T h is in fo rm a tio n  i s  o f  
v a lu e  in  r e la t io n  to  the management o f  the a cu te  f ib r in o g e n  
d e f i c i e n c i e s  o f  pregnancy.
D is c u s s io n .
Large volum es o f  bank b lo o d  may be r e q u ir e d  in  th e  
management o f  haem orrhage, fo r  example in  the b le e d in g  from  
a duodenal u lc e r .  Such p a t ie n t s  a t  the s t a r t  o f  haemorrhage 
are l i k e l y  to  have a normal h aem osta tic  mechanism* I t  i s  
a t h e o r e t ic a l  p o s s i b i l i t y  th a t  the a d m in is tr a tio n  o f  c o n s id ­
e r a b le  volum es o f  bank b lood  d e f i c i e n t  in  A.H.G-# and fa c to r  V 
cou ld  cause a tem porary c o a g u la t io n  d e f e c t .  In  a l im ite d  
stu d y  o f  t h i s  t h e o r e t i c a l  p o s s i b i l i t y  no such abn orm ality  has 
b een  d e te c te d  (se e  p a g e t z f y i  o f  the a p p en d ix ). I t  i s  l i k e l y  
th a t  th e  normal p erson  i s  capable o f producing la r g e  quan­
t i t i e s  o f  th e se  components very  r a p id ly .
F resh  F rozen  P lasm a:
The p r in c ip le  o f  th e  fr e s h  fr o z e n  plasm a i s  th a t o f  
p r e se r v a t io n  o f  the c o a g u la t io n  components^when the plasma
* U (c 5  -
i s  m ain ta in ed  a t -2 0 °  C. from the tim e o f c o l l e c t i o n .  The 
in v e s t ig a t io n s  d e sc r ib ed  here were d esign ed  to  t e s t  th e  v a l ­
i d i t y  o f  t h i s .  The plasm a was prepared by th e  Glasgow and 
West o f  S c o tla n d  B lood T ra n sfu sio n  S e r v ic e .  The emergency  
r e se r v e  o f  t h i s  plasm a i s  taken  from donors o f  group A or AB. 
Donors w ith  a h ig h  t i t  re a n ti-B  a g g lu t in in  or w ith  a n ti-B  
haem olysin  were ex c lu d ed . 400 m l. o f  b lood  were c o l le c t e d  
in t o  the 100 m l. o f p r e se r v a t iv e  a n tic o a g u la n t s o lu t io n .
Only donors g iv in g  b lo o d  a t  the R eg ion a l T r a n sfu sio n  Centre  
w ere used so  th a t  the plasm a cou ld  be sep a ra ted  im m ediately  
and fr o z e n . C e n tr ifu g a tio n  o f  th e  b lood  was c a r r ie d  out - 
a t 1800 r .p .m . fo r  30 m in u tes. The plasma was sep a ra ted  w ith  
a s e p t ic  and a n t i s e p t i c  p reca u tio n s and s to r e d  frozen  a t  -20°C .
Three b o t t l e s  o f  plasma were kept fr o z e n  a t -2 0 °  C. fo r  
s i x  m onths. Each b o t t l e  con ta in ed  the plasma from one p in t  
o f  b lo o d  c o l l e c t e d  under the c o n d it io n s  m entioned above - 
th e se  b e in g  the standard c o n d it io n s  fo r  the supp ly  o f  f r e s h  
fr o z e n  plasm a in  t h i s  r e g io n . The tim e o f  s i x  months fa r  
ex ceed s the tu rn -o v er  tim e o f t h i s  product in  the tr a n s fu s io n  
s e r v i c e .
A n tih a em o p h ilic  g lo b u l in :
The a ssa y  on two o f  th e  b o t t l e s  gave l e v e l s  o f  A.H.G. 
as good as th e  fr e s h  normal w hereas the th ir d  b o t t le  was a t  
l e a s t  50$ o f  norm al.
4^' Q^ Ca"
Factor V .
There was no d e te r io r a t io n  o f  t h i s  in  the fr e s h  fr o z e n  
plasm a. The fa c to r  V a ssa y  was as good as the f r e s h  norm al.
Prothrom bin, f a c to r  V II , Christinas f a c t o r :
These were a l l  w e l l  p reserv ed  th ere  b e in g  no a p p re c ia b le  
d e t e r io r a t io n  a t th e  end o f the s ix  m onths.
P l a t e l e t s :
Some p l a t e l e t s  rem ained in  the plasm a a f t e r  th e  cen­
t r i f u g a t io n  in v o lv e d  in  th e  p r e p a r a tio n . A fte r  b e in g  m ain­
ta in e d  fr o z e n  f o r  s i x  m onths, th e  p l a t e l e t s  and p l a t e l e t  
fragm ents c o l l e c t e d  by h ig h  speed c e n tr ifu g a t io n  o f  the  
plasm a were s t i l l  capable o f a c t in g  a s th e  p l a t e l e t  compon­
e n t o f  th rom b op lastin  (Experimerrfcps^of-appendix).
L yop h il D ried  F ib r in o g en  F r a c t io n .
S u r v iv a l o f  a n tih a em o p h ilic  g lo b u lin . The plasm a  
f r a c t io n a t io n  s e c t io n  o f  the Edinburgh and E ast o f  S co tla n d  
B lood  T ra n sfu sio n  S e r v ic e  prov id ed  me w ith  ly o p h il  d r ied  
f ib r in o g e n  f r a c t io n  which had been s to r e d  fo r  vary in g  le n g th s  
o f  tim e a t  4 °  C. Specim ens s to r e d  up to  two y ea rs  were 
assa y ed  and the r e s u l t s  su g g est th a t th ere  was alm ost com plete  
l o s s  over th a t  two year p e r io d . Any f i n a l  c o n c lu s io n s ,  
how ever, are d i f f i c u l t  to  make as the A.H.G. co n ten t o f  each
o f  the ampoules was not known a t  th e  tim e o f  p r e p a r a tio n . 
The r e s u l t s  are shov/n in  th e  appendix.
S U M M A R Y
(1 ) The p r e se r v a t io n  o f  c o a g u la t io n  components has "been
s tu d ie d  in  bank b lood  and f r e s h  fr o z e n  p lasm a.
(2 )  Bank B lo o d . A.H.G. c o n c e n tr a tio n  f a l l s  v ery  r a p id ly
over th e  f i r s t  few days o f  sto ra g e  so th a t  a f t e r  36 
h r s .  th e  b lood  has no a p p rec ia b le  v a lu e  as a th e r a p e u tic  
source o f  A.H.G. F actor  V i s  a ls o  very  l a b i l e  on 
sto r a g e  though i t  does not d isapp ear q u ite  so  r a p id ly  
as th e  A.H.G. F actor  V II and the Christm as fa c to r  
are r e l a t i v e l y  s ta b le  lo s in g  only 50$ o f t h e ir  con­
c e n tr a t io n  during the s to r a g e  p e r io d . Prothrom bin  
i s  even  more s ta b le  lo s in g  on ly  25$ o f  i t s  o r ig in a l  
c o n c e n tr a tio n . P la t e le t s  d isap p ear g r a d u a lly  over  
th e  21 days b e in g  about h a l f  as numerous a t  th e  end 
o f  th e  p er io d  a s they  were a t the b e g in n in g . The 
f ib r in o g e n  c o n c e n tr a tio n  a ls o  d e te r io r a te s  by about 
a h a l f .
(3 )  F resh  fr o z e n  p lasm a. Prothrom bin and a l l  th e  plasma  
th rom b op lastin  components are w e l l  p r e ser v ed .
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CHAPTER 2 2
"IN VIV0U SURVIVAL OF ANTIHAEMOPHILIG GLOBULIN AND THE
CHRISTMAS FACTOR
I t  was the purpose o f  the in v e s t ig a t io n s  d e sc r ib ed  in  
t h i s  ch ap ter  to  a ssa y  th e  a n tih a em o p h ilic  g lo b u lin  (A .H .G .) 
in  haem op h ilia  and the C hristm as fa c to r  (C .F .)  in  C hristm as 
d is e a s e  fo llo w in g  plasm a in fu s io n s  g iv e n  to  p a t ie n t s  s u f f e r ­
in g  from th e se  c o n d it io n s . In  th e  p r a c t ic a l  management o f  
haemorrhage in  h aem oph ilia  or Christm as d is e a se  i t  i s  o f  
v a lu e  t o  a p p re c ia te  the r e s u l t s  o f  plasm a in fu s io n s  on th e  
A.H.G. or C .F . l e v e l  o f  the p a t i e n t ' s  b lo o d  and th e  d u ra tio n  
o f  t h i s  e f f e c t .  I t  I s  a ls o  o f  im portance to  have a c o r r e la ­
t io n  betw een  th e  A.H.G. l e v e l  and th e  h a em o sta tic  e f f i c i e n c y .  
I t  was th e  purpose o f  th e  o b ser v a tio n s  d e sc r ib e d  here to  
stu dy th e se  a sp e c ts  in  p a t ie n t s  w ith  haem op h ilia  or C hristm as 
d is e a se ^ fo llo w in g  the a d m in is tr a tio n  o f  plasm a.
ANTIHAEMOPHILIC GLOBULIN SURVIVAL IN HAEMOPHILIACS.
The th e r a p e u tic  su b stan ces w hich are a v a ila b le  fo r  th e  
management o f  th e  h aem osta tic  d e fe c t  in  haem oph ilia  are  
whole b lo o d , f r e s h  fr o z e n  plasma and th e  ly o p h il -d r ie d  plasma 
f r a c t io n  I  (Cohn). As a source o f  supply o f  A.H.G. whole 
b lo o d  i s  u n s a t is fa c to r y .  The b lo o d  r e q u ir e s  to  be fre 3 h
because a ssa y  o f  th e  a .H.G. c o n c en tr a tio n  o f  s to r e d  b lood  
r e v e a ls  th a t th e re  are on ly  tr a c e  amounts l e f t  a f t e r  
36 hours ( s e e  C hapter^/ ) .  Furtherm ore, h aem op h iliacs  
are o f te n  th e  r e c ip ie n t s  of m u lt ip le  t r a n s fu s io n s ,  and 
th e re  i s  th e  danger o f  h aem oly tic  tr a n s fu s io n  r e a c tio n s  
u n le ss  s e n s i t i v e  c o m p a ta b ility  te s t is  are employed; t h i s  
may be im p o ss ib le  in  an em ergency. F resh  fro z en  plasma 
i s  r e a d ily  prepared; b lood  i s  c o l le c t e d  as fo r  tr a n s fu s io n  
p u rp oses, th e  red c e l l s  sep a ra ted , and th e  plasma kept 
a t -20°C . Under th e s e  c ircu m stan ces th e  A .H .G .su rv ives  
in  a lm ost normal co n c en tr a tio n  up to  s ix  m onths.
( s e e  Chapter Z f  ; .  The ly o p h il  d r ied  A.H.G. f r a c t io n  
i s  r e l a t i v e l y  co n cen tra ted  but i s  exp en sive  to  p rep are, and 
has no c le a r  advantage over th e  fr e s h  frozen  plasma which  
i s  s im p ler  to  p rep are. In t h i s  study th e  A.H.G. was
a d m in istered  as plasm a, g e n e r a lly  fr e s h  fro zen  plasm a.
The improvement in  th e  c lo t t in g  e f f i c ie n c y  o f  haem ophilic  
b lood  in  consequence o f  th e  th e r a p e u tic  a d m in is tra tio n  of  
plasma or plasma fr a c t io n s  can be a s s e s s e d  by a v a r ie t y  o f  
in  v i t r o  t ech n iq u es . In th e  p a st th e se  have in c lu d e d  th e
whole b lood  c lo t t in g  tim e , th e  prothrombin consumption t e s t  
I Graham e t a l . ,  1 9 5 1 ;, th e  thrombin g en era tio n  t e s t  (P itn e y  
& D a c ie ,1 9 5 3  ) and th e  p a r t ia l  th rom b op lastin  tim e t e s t  
( L an gd ell e t  a l . ,  1 9 5 4 ). The whole b lood  c lo t t in g  tim e and 
th e  proihrom bin consum ption t e s t  are i n s e n s i t iv e  in d ic e s  o f
U1Z-
c lo t t in g  e f f i c i e n c y ,  b ecause sm all amounts o f  a n tih a em o p h ilic  
g lo b u lin  w i l l  produce d is p r o p o r t io n a te ly  la r g e  c o r r e c t io n  
(L an gd ell e t  a l . , 1 9 5 4 ). The throm bin g e n e r a tio n  t e s t  and 
th e  p a r t i a l  th rom b op lastin  tim e t e s t s  are more s e n s i t iv e  as  
th ey  are n ot c o r r e c te d  u n t i l  1 2 -1 5 $  o f  normal plasma has b een  
added to  haem oph ilia  plasma in  the t e s t  sy stem s. (F a n tl & 
Saw ers, 1954: L an gd ell e t  a l . , 1 9 5 4 ) . The m ost s e n s i t i v e
a v a i la b le  a ssa y  procedure o f  a n tih a em o p h ilic  g lo b u lin  a c t i v ­
i t y  i s  b ased  on th e  th rom b op lastin  g e n e ra tio n  t e s t  o f B ig g s  
and D ouglas (1 9 5 3 ) . T h is tech n iq u e has been u sed  a lrea d y  
in  the o b se r v a tio n s  d e sc r ib ed  in  th e  p rev iou s chapter and i s  
g iv e n  in  d e t a i l  in  th e  appendix . The assessm en t o f  th e  
h a em o sta tic  l e v e l  o f  A.H.G. i s  more d i f f i c u l t .  An attem pt 
has b een  made to  c o r r e la te  the l e v e l  o f  an tih a em o p h ilic  
g lo b u lin  w ith  the occurrence o f  haemorrhage fo llo w in g  to o th  
e x tr a c t io n  and th e  c e s s a t io n  o f  haem aturia in  h aem oph ilic  
p a t i e n t s .
P rep a ra tio n  o f  P lasm a:-  The plasm a was prepared by the  
Glasgow and West o f S c o tla n d  B lood T ra n sfu sio n  S e r v ic e .  For
each  o b se r v a tio n  b lo o d  was c o l le c t e d  from fou r  d on ors. Gen­
e r a l ly  donors o f  the same b lood  group as th e  r e c ip ie n t  were 
used  fo r  the p r e p a r a tio n  o f th e  fr e s h  fr o z e n  plasm a, but fo r  
an emergency reserv e  donors o f  group A or AB were u sed .
Donors w ith  a h igh  t i t r e  a n ti-B  a g g lu t in in  or w ith  ant:L-B
h aem olysin  were ex c lu d ed . The p r e se r v a t iv e  - a n t ic o a g u la n t  
s o lu t io n  used  was:
D isodium  hydrogen c i t r a t e  2 gms.
D ex trose  3 gms.
Water to  100 m l.
440 m l. o f  b lood  were c o l l e c t e d  in to  the 100 m l. o f  the  
p r e s e r v a t iv e  a n tic o a g u la n t s o lu t io n .
Only donors g iv in g  b lo o d  a t  th e  R eg ion a l T ra n sfu sio n  
C entre were used  so  th a t  th e  plasm a cou ld  be sep a ra ted  im­
m e d ia te ly  and fr o z e n . C e n tr ifu g a t io n  o f th e  b lo o d  was 
c a r r ie d  out a t  1800 r .p .m . fo r  30 m in u tes. The plasma was 
se p a r a ted  w ith  a s e p t ic  and a n t is e p t ic  p r e c a u tio n s  and s to r e d  
fr o z e n  a t  -2 0 °  C.
In  o b se r v a tio n  No. 2 th e  plasma in fu se d  had not been  
fr o z e n . I t  was c o l l e c t e d  as d e sc r ib ed  above and ad m in is­
te r e d  a s soon as c o l l e c t e d .
A d m in istra tio n  o f  P lasm a:-  The plasma was thawed im­
m e d ia te ly  b e fo r e  use by stan d in g  th e  b o t t l e  in  a b a s in  o f  
warm w a ter; thaw ing a t  room tem perature r e q u ir e s  some hours 
to  be com p lete , and was avoided  as such d e la y  m ight r e s u l t  
in  f a l l  o f  A.H.G. c o n c e n tr a t io n . The plasma was g iv e n  to  
th e  h aem op h iliac  by m oderately  ra p id  in tra v en o u s in fu s io n ,  
th e  tim e taken  to  a d m in ister  va ry in g  from 45 t o  60 m in u tes .
The plasma was a d m in istered  to  haem oph ilia  p a t ie n t s
-  ^ 7 4  ~
g e n e r a lly  f o r  th e r a p e u t ic  p u rp o ses , fo r  h aem aturia , haematoma 
form ation  or f o r  to o th  e x tr a c t io n . In  one o b se r v a tio n  th e r e  
• was no known s i t e  o f haem orrhage.
C o l le c t io n  o f  S p ec im en s:-  B lood  was c o l l e c t e d  by c le a n  
venepuncture from the p a t ie n ts  b e fo r e  th e  a d m in is tr a t io n  o f  
the p lasm a, im m ed iately  a f t e r ,  and a t 6 ,  1 2 , 24 , 48 and 72 
hours from the tim e o f  s t a r t in g  the in fu s io n . Standard  
s iz e d  20 m l. s y r in g e s  and wide bore n e e d le s  o f  18 S.W. gauge 
were u se d . In  order to  avo id  fr o th in g  o f  th e  b lo o d  th e  
sy r in g e s  were a llo w ed  to  f i l l  w ith o u t t r a c t io n  b e in g  a p p lie d  
t o  th e  p lu n g e r . B efore  d e l iv e r y  o f  th e  b lood  to  th e  tu b es  
th e  n eed le  was removed. U sing a graduated c e n tr ifu g e  tube  
9 m l. o f  b lo o d  were m ixed w ith  1 m l. o f 3 .8 $  sodium c i t r a t e .  
These specim ens were used  fo r  th e  a ssa y  o f a n ti-h a e m o p h ilic  
g lo b u lin  by th e  th rom b op lastin  g e n e r a tio n  t e s t .  The s p e c i ­
mens were im m ediately  c e n tr ifu g e d  a t  2 0 ,0 0 0  r e v s , fo r  5 m in­
u te s  in  a h ig h -sp e e d  c e n tr ifu g e  attachm ent and the plasm a  
sep a ra ted  and s to r e d  a t  -2 0 °  C. u n t i l  a l l  the specim ens had 
been  c o l l e c t e d .  The a n tih a em o p h ilic  g lo b u lin  con ten t was 
th en  a ssa y ed  in  th e se  specim ens in  one exp erim en t.
In  th r e e  o f th e  o b se r v a tio n s  the w hole b lood  c lo t t in g  
tim e was e s tim a te d  on specim ens c o l l e c t e d  s im u lta n eo u sly  
w ith  th o se  u sed  f o r  th e  a ssa y  o f a n tih a em o p h ilic  g lo b u lin .
The w hole b lood  c lo t t in g  tim e was perform ed by the tech n iq u e
(2 ) d escrib ed , in  the appendix.
R e s u l t s .
T w en ty-th ree  o b se r v a tio n s  were made on 8 h aem op h iliacs  
( se e  page / z i2 .  o f  th e  a p p en d ix ). The f i r s t  t h ir t e e n  o f  
th e se  were regarded  as t r i a l  o b s e r v a t io n s . From them i t  
was determ ined  the tim es a t  w hich specim ens were r e q u ir e d  
in  order to  fo l lo w  th e  s u r v iv a l o f  th e  A.H.G. S u b seq u en tly  
te n  o b se r v a tio n s  were made. The specim ens were c o l l e c t e d  
b e fo r e ,  im m ediately  a f t e r ,  6 h r s . 12 h r s . ,  24 h r s . ,  48 h r s . 
and 72 h r s . l a t e r .  A l l  but one o f  th e  o b ser v a tio n s  were on 
a d u lt  h a em o p h ilia cs who were g iv en  alm ost a l i t r e  o f  p lasm a. 
The one e x c e p tio n  was one o f  the t r i a l  o b ser v a tio n s  on a 
boy o f  10 y ea rs  who was g iv e n  h a l f  a l i t r e  o f  plasma 
page o f  th e  a p p en d ix ). The tim e tak en  to  a d m in ister  the  
plasm a v a r ie d  from 45 t o  60 m in u tes.
Antihaem ophi 1 i c  g l  ob u l  i  n a ssa y  :-  The A.H.G. l e v e l  in  
each o f  th e  10 o b se r v a tio n s  i s  shown in  ta b le  <34- . The r e ­
s u l t s  are e x p r essed  as a p ercen tage  of th e  A.H.G. con ten t o f  
normal p lasm a. The normal plasm a i s  s a id  to  c o n ta in  100 p er  
cen t A.H.G-.; the h aem oph ilic  plasm a b e fo r e  th e  in fu s io n  i s  
assumed n o t t o  c o n ta in  any A.H.G. By making d i lu t io n s  o f  
the normal in  the h aem op h ilic  plasm a a s e r ie s  o f  specim ens 
were o b ta in ed  c o n ta in in g  known amounts o f  A.H.G. The
'igure (144)
":;ii p..ire (144)
nIn  v iv o '1 a n tih a em o p h ilic  g lo b u lin  (A.H.G. )  
s u r v iv a l .
O rdinate -  p ercen ta g e  a n tih a em o p h ilic  g lo b u lin .  
A b sc is sa  -  tim e in  hours a f t e r  a d m in is tr a t io n  
o f  p lasm a.
•  -  th e  graph o f  A.H.G. d isap p earan ce  
o b ta in ed  by a ssa y s  a t  th e  tim e in t e r v a l s  a s  shown. 
(Mean o f  10 o b s e r v a t io n s ) .
24 48
time in hours.
F igu re  (145)
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Thromboplast in  g e n e ra t io n  technique from a s e r i e s
o f  adsorbed plasm as c o l l e c t e d  a f t e r  th e  a d m in is tr a t io n
o f  a l i t r e  o f  plasm a to  a h a em o p h ilia c .
O rdinate -  p ercen ta g e  o f  th r o m b o p la stin .
A b sc is sa  -  tim e in  m in u tes a f t e r  a d d it io n  o f  ca lc iu m .
T hrom boplastin  g e n e r a t io n  tech n iq u e  w ith  normal .
serum and p l a t e l e t s  c o n s ta n t .
The adsorbed  plasm as from th e  specim ens
c o l l e c t e d  a t  th e  in t e r v a l s  s p e c i f i e d ,  are shown as
co n tin u o u s l i n e s .  The d isc o n tin u o u s  l i n e s  r e p r e se n t  s
th e  d i lu t io n s  o f  adsorbed  normal in  adsorbed  h aem op h ilic•*
p lasm a.
Vothromboplastin
after
^ 2 4 h r s
1 2  3 4 5
time in minutes
th rom b op lastin  g e n e r a tio n  tech n iq u e  was a p p lie d  to  th o se  
specim ens w ith  known A.H.G. co n ten t and t o  th e  t e s t  specim en;  
th e  a ssa y  was made by com parison o f  th e  r e s u l t s  on th e  t e s t  
plasm a w ith  th o se  o f  known A.H.G. c o n te n t . F igu re  5  i l ­
l u s t r a t e s  an example o f  one o b s e r v a t io n . I t  shows th e  p a t ­
te r n  o f  th ro m b o p la stin  g e n e r a tio n  from the specim ens c o l ­
l e c t e d  b e fo r e  s t a r t in g  th e  in fu s io n  (c o n ta in in g  0 per c en t  
A.H.G. )  and from th o se  specim ens c o l l e c t e d  a t  in t e r v a ls  a f t e r  
th e  in f u s io n .  The f ig u r e  shows a ls o  th e  th rom b op lastin  
g e n e r a t io n  from the specim en c o n ta in in g  1 2 . 5  p er  c e n t A.H.G.  
o b ta in ed  by m ix in g  normal plasm a w ith  th e  h aem op h ilic  p lasm a. 
Many m ix tu res were req u ire d  in  th e  range from 15 per cen t  
A.H.G.  t o  0 per cen t A.H.G.  in  order to  o b ta in  s u f f i c i e n t  
cu rves f o r  th e  a ssa y s  to  be made; for  th e  sake o f  the c la r ­
i t y  o f  th e  diagram  a l l  th e se  curves o f th rom b op lastin  g e n e ra ­
t io n  cannot be i l l u s t r a t e d .  F igu re  /4-Q> i l l u s t r a t e s  a s e r i e s  
o f  cu rv es o b ta in ed  by making m ix tu res o f th e  adsorbed normal 
plasm a in  th e  adsorbed h aem oph ilic  plasm a.
In  some o f  th e  la t e r  o b se r v a tio n s  th e  tech n iq u e  was 
m o d ified  in  so  f a r  a s on ly  th e  s ix  m inute p o in t  was reco rd ed .
F ig u r e  ( 1 4 6 )
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S e r ie s  o f  cu rves o f  th ro m b o p la stin  g e n e r a t io n  
from m ix tu res  o f  adsorbed normal plasm a and adsorbed  
h aem op h ilic  p lasm a.
O rdinate -  p ercen ta g e  o f  th ro m b o p la stin .
A b sc is sa  -  tim e in  m inu tes a f t e r  a d d it io n  o f  
c a lc iu m .
T hrom boplastin  g e n e r a t io n  tech n iq u e  w ith  norm al 
serum and p l a t e l e t s  c o n s ta n t . The adsorbed  plasm a  
c o n s is t e d  o f  d o u b lin g  d i lu t io n s  o f  normal in  h aem op h ilic
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The mean o f  th e  r e s u l t s  on the  specim ens c o l l e c t e d  a t  the  
s p e c i f i e d  tim es i s  shown in  F igure In some o f  th e
o b se r v a t io n s  th e  specim ens c o l l e c t e d  s i x  hours a f t e r  the  
com p letion  o f  th e  in f u s io n  had an a n t ih a em o p h ilic  g lo b u l in  
con ten t  a t  the  same l e v e l  or even s l i g h t l y  h ig h er  than th a t  
o f  the specim en c o l l e c t e d  im m ediately  subsequent to  th e  i n ­
f u s io n .  In  F igu re  i t  w i l l  be seen  th a t  the  mean f a l l  
during the f i r s t  s i x  hours was co n s id er a b ly  l e s s  th a n  during  
the second  s i x  hour p e r io d .  T his phenomenon i s  p o s s i b l y  
r e l a t e d  to  changes in  plasma volume subsequent to  the i n ­
f u s io n .  I f  the r a te  o f  u t i l i z a t i o n  in  the haem oph iliac  i s  
comparable to  th e  normal the  p h y s i o l o g ic a l  turnover must be 
o f  th e  order o f  10 per  cen t  per day.
In  o b s e r v a t io n s  N os. 2 and 3 the r a te  o f  d isappearance  
o f  th e  A.H.G. was s im i la r  to  t h a t  o f  the o th er  o b s e r v a t io n s .  
In o b s e r v a t io n  No. 2 th e  plasma was a d m in is tered  im m ediate ly  
a f t e r  c o l l e c t i o n ,  no f r e e z in g  having been c a r r ie d  o u t .  In  
o b se r v a t io n  No. 3 th e r e  was no known s i t e  o f  haemorrhage a t  
the  time o f  the  i n f u s io n .  These o b se r v a t io n s  were made in  
view o f  the p o s s i b i l i t y  th a t  the  r a p id  r a t e  o f  u t i l i z a t i o n  o f  
A.H.G. was r e l a t e d  e i t h e r  to  the method o f  sto ra g e  o f  the  
plasma by f r e e z in g  or t o  i t s  consumption fo r  h a em o sta tic  pur­
p o ses  a t  a s i t e  o f  haemorrhage.
4 7 9 -
Whole B lood C lo t t in g  T im es:-  The r e s u l t s  on th e  w hole  
b lo o d  c lo t t i n g  tim es in  th ree  o f  the o b se r v a tio n s  (6 , 9 . 3.0) 
are shown in  Table J5* . I t  w i l l  be seen  th e r e  th e r e  was a 
c o r r e c t io n  alm ost to  normal im m ediately  a f t e r  th e  i n f u s io n » 
T h is marked c o r r e c t io n  o f  the whole b lo o d  c lo t t in g  tim e i s  
to  be compared w ith  th e  very  d e fe c t iv e  c o r r e c t io n  o f  throm ­
b o p la s t in  g e n e r a t io n  a s  dem onstrated in  th e  A.H.G-. a s s a y .
As has b een  r e c o g n ise d  p r e v io u s ly ,  c o r r e c t io n  o f  th e  w hole  
b lo o d  c lo t t i n g  tim e may g iv e  a f a l s e  im p ression  o f  th e  e f ­
f ic a c y  o f  th e r a p y .
TABLE S & ~
WHOLE BLOOD CLOTTING TIMES IN MINUTES
Observa­
t io n B efore
Immed­
i a t e l y
a f t e r
6 h r s . 12 h r s . 24 h r s .
I
38 h r s . 72 h r s .  i
6 1 2 0 + 11 13 21 28 90 ! 1 2 0 + j
11 120+ 11 14 25 30 70 1 2 0 + |
1 2 1 2 0 + 14 12 30 60 1 2 0 + 1 2 0 + !\
Prothrom bin Consum ption: U sin g  M erskeyf s tech n iq u e  the
e f f e c t  o f th e  plasm a in fu s io n s  on prothrom bin consum ption was 
s tu d ie d . In  T able 3 6> th e  mean r e s u l t  o f two o b se r v a tio n s  
i s  shown. The prothrom bin consum ption was c o r r e c te d  to
F ig u re  (147)
Thrombin g e n e r a t io n  from plasm as c o l l e c t e d  a t  
i n t e r v a l s  f o l lo w in g  in f u s i o n  o f  a l i t r e  o f  plasma to  
h a e m o p h il ia c s .
O rdinate -  Thrombin u n i t s .
A b s c is s a  -  tim e i n  m in u tes  a f t e r  a d d i t io n  o f  
c a lc iu m .
T h is  i s  th e  mean o f  6 o b s e r v a t io n s .
T hrom bin  un its
after
6 hrs
12 hrs
24 hrs 
48hrs
3,^ & _  » *4 5 6 7
Time in minutes
-  4  ^ 0  ~
w ith in  the  normal range in  th e  specim ens im m ediate ly  a f t e r  
and at s i x  h ou rs . In  th e  12 hour specimen the  prothrom bin  
consumption was above th e  normal range.
>
TABLE 36
Prothrombin Consumption Index (mean o f  2) o b s e r v a t io n s
B efo re  167#
A f te r  26#
6 h r s .  29#
12 h r s .  61#
24 h r s .  72#
48 h r s .  125#
72 h r s .  168#
Thrombin g e n e r a t io n  t e c h n iq u e . In  s i x  o f  th e  o b ser v a ­
t io n s  th e  thrombin g e n e r a t io n  from r e c a l c i f i e d  plasma was 
s t u d ie d .  The r e s u l t s  are shown in  f i g u r e  /4-7 . T h is  p r o ­
v id e s  confirm atory  ev id en ce  th a t  by 24 hours th e r e  are on ly  
tr a c e  amounts o f  A.H.G. rem aining as a consequence o f  the  
in f u s io n .
E s t im a t io n  o f  th e  h a em o sta tic  l e v e l  o f  a n t ih a em o p h ilic  
g l o b u l i n : T h is  was a more d i f f i c u l t  a sp ec t  to  e s t im a te .
In  observation*  8 o f  ta b le ^ th e  p a t i e n t  had haem aturia f o r  one 
week. P r io r  to  s t a r t in g  th e  plasma in f u s io n  he p a ssed  a 
specim en o f  u r in e  showing g r o ss  haematuria and was g iv e n  two 
p i n t s  o f  w ater  t o  drink  t o  produce d i u r e s i s .  At 15 minute  
i n t e r v a l s  from the  time o f  s t a r t in g  the i n f u s io n  fu r th e r  
specimens o f  u r in e  were c o l l e c t e d .  The 1 5 f and 3 0 f specim ens
4 *8 l  ~
s t i l l  c o n ta in e d  b lood ; the  45' specim en was o b v io u s ly  
c le a r e r  and t h e  6 0 l specim en con ta in ed  no obvious b lo o d .
To o b ta in  h aem o sta s is  in  t h i s  p a t i e n t  f o r  t h i s  p a r t i c u la r  
purpose an A.H.G-. l e v e l  o f  12 per cen t  was e f f e c t i v e .
In  8 o b se r v a t io n s  (Nos. 1 ,  2 ,  4 ,  5 ,  6 ,  7 ,  9 ,  10) to o th  
e x t r a c t io n  was c a r r ie d  out w ith in  one hour o f  com p letion  o f  
the i n f u s i o n .  During the  24 hours f o l lo w in g  e x t r a c t io n  
th e re  was no b le e d in g .  In fo u r  o f  the  d e n ta l  o p e r a t io n s  
some b le e d in g  s t a r t e d  24 to  48 hours a f t e r  th e  co m p le tio n  o f  
the i n f u s i o n ,  and i n  a fu r th e r  three  th e re  was some haemorrhage 
betw een 48 and 72 h o u rs .  I t  i s  probable  from t h i s  t h a t  the  
l e v e l  o f  a n t ih a e m o p h il ic  g lo b u l in  a t ta in e d  in  consequence o f  
the  in f u s io n  had some h a em o sta tic  v a lu e .
DISCUSSION
T h is i n v e s t i g a t i o n  dem onstrates the  d i f f i c u l t i e s  in v o lv e d  
in  th e  th e r a p e u t ic  replacem ent o f  A.H.G-. in  th e  h a e m o p h ilia c .
In  order to  o b ta in  a l e v e l  o f  7 per  cent o f  A.H.G. i n  a 
h aem op h ilia c , approxim ately  a l i t r e  o f  plasma has to  be g iv e n  
w ith  a rap id  i n f u s io n .  T h is  a d m in is tered  A.H.G. has b een  
u t i l i s e d  in  24 h o u rs .  The m aintenance o f  a l e v e l  o f  7 p er  
cen t A.H.G. would r eq u ire  the a d m in is tr a t io n  o f  a l i t r e  o f  
plasma every  6 -12  h ou rs . This r a p id  u t i l i z a t i o n  o f  A.H.G. 
i s  r e la t e d  n e i t h e r  to  the  method o f  s to r a g e  o f  the plasma by 
f r e e z in g  nor to  i t s  consumption fo r  h a e m o sta t ic  p u rp oses  a t
- 4 S 2 -
a s i t e  o f  haemorrhage.
There i s  s u g g e s t iv e  ev id en ce  from t h i s  study t h a t ,  from 
th e se  s i t e s  o f  haemorrhage, the l e v e l  o f  A.H.G. a t t a in e d  had 
some h a e m o sta t ic  v a lu e .  I t  i s  c l e a r l y  d e s ir a b le  i f  p o s s i b l e  
to  produce h ig h er  l e v e l s  o f  A.H.G. a c t i v i t y  in  th e  haemo­
p h i l i a c  ' s  plasma and t h i s  has been  d e sc r ib e d  by M acfarlane  
e t  a l . (1 9 5 4 ) ,  B ig g s  e t  a l . (1955) and B id w e ll  (1955) u s in g  
p r e p a r a t io n s  o f  b ov in e  A.H.G. A lthough a l e v e l  o f  12 p er  
cent A.H.G. was o f  some v a lu e  in  haem aturia and in  b le e d in g  
from t o o t h  e x t r a c t i o n ,  th e se  are r e l a t i v e l y  minor t e s t s  o f  
h a em o sta tic  e f f i c i e n c y .  I t  i s  probable  th a t  f o r  s u r g ic a l  
proced ures in v o lv in g  trauma to  la r g e r  v e s s e l s  a h igh er  l e v e l  
o f  a n t i  haem oph ilic  g lo b u l in  would be r eq u ire d .
P r e p a r a t io n s  o f  Cohn's plasma f r a c t i o n  I are a v a i la b le  
as a source o f  a n t ih a em o p h ilic  g lo b u l in  f o r  th e  treatm ent o f  
h aem op h ilia .  The d i f f i c u l t y  rem ain s , however, o f  th e  la r g e  
amounts r e q u ir e d .  Even i f  th ere  i s  f u l l  r e c o v er y  o f  th e  
a n t ih a em o p h ilic  g lo b u l in  from th e  plasma i t  would s t i l l  need  
the f r a c t i o n  d e r iv e d  from a l i t r e  o f  plasma f o r  a d m in is tr a t io n  
every  6-12 hours t o  m a in ta in  a h a em o sta tic  e f f e c t .
U n t i l  such time as p r e p a r a t io n s  o f  th e  b o v in e  a n t i ­
h aem ophilic  g lo b u l in  as d e sc r ib e d  by M acfarlane e t  a l .  (1954)  
become a v a i l a b l e ,  human plasma., must remain as the m ainstay  
of th e ra p y . As m entioned above A.H.G. a s s a y s  on the plasm a
435-
o f  b lo o d  s to r e d  f o r  t r a n s f u s io n  purposes a t  4° C . ,  r e v e a l  
th a t  th e r e  are on ly  t r a c e  amounts l e f t  a f t e r  2  d ays . In  
plasma m a in ta in ed  a t  -2 0 °  C. from the time o f  c o l l e c t i o n  
th e re  i s  good p r e s e r v a t io n  o f  A.H.G. T h is  can be kept a v a i l ­
ab le  by t r a n s f u s io n  s e r v i c e s  t o  meet the  emergency of b l e e d ­
ing  in  h a em o p h ilia .
The o b se r v a t io n s  confirm , as has been r e c o g n ise d  b e f o r e ,  
th a t  the c o r r e c t io n  o f  the  whole b lo o d  c l o t t i n g  tim e and 
prothrom bin consumption does n o t  mean r e s t o r a t io n  to  a normal 
c o a g u la t io n  mechanism. The whole b lo o d  c l o t t i n g  tim e was . 
reduced to  normal In th e s e  o b s e r v a t io n s  when the A.H.G. a ssa y  
r e v e a le d  on ly  10 per  cen t to  be p r e s e n t .
Whether the r a p id  d isappearance  o f  a n t ih a em o p h ilic  
g lo b u l in  in  the  h aem oph iliac  r e p r e s e n t s  th e  p h y s i o l o g i c a l  
u t i l i z a t i o n  o f  the  f a c t o r  i s  p r o b le m a t ic a l .  L an gd e ll  e t  a l . 
(1954) a d m in is tered  plasma to  haem oph ilic  and normal d o g s .
The u t i l i z a t i o n  in  the normal dogs was as  rap id  as  in  the  
haem ophilic  d o g s .
CHRISTMAS FACTOR SURVIVAL IN CHRISTMAS DISEASE.
U sing  s im i la r  tech n iq u es  f i v e  o b se r v a t io n s  were made on 
p a t i e n t s  w ith  Christm as d i s e a s e .  These are not q u i t e  
comparable w ith  th o se  on h a em op h iliacs  as on ly  one o f  th e  
p a t i e n t s  w ith  Christmas d i s e a s e  was comparable in  b u i ld  w ith  
the h a em o p h ilia cs .  The o th er  two were a boy o f  10 y e a r s  and
Figure (148)
11 I n  v i v o ' 1 C h r is tm a s  f a c t o r  ( C . F . )  s u r v i v a l .
O rdinate  -  p ercen ta g e  Christmas f a c t o r .
A b s c is s a  -  tim e in  hours a f t e r  a d m in is t r a t io n  o f  
plasma*
0 ------ § th e  graph o f  C .F . d isap p earan ce  o b ta in ed
by a s s a y s  a t  the  tim e i n t e r v a l s  as  shown. (Mean o f  
th e  o b s e r v a t io n s ) .
/oChnstmas factor
1 2 -
. 2 4  48
time in hours
a very  u n der-d eveloped  youth o f  17 y ea rs  w eigh ing  on ly  5 j  
s t o n e s .
The techn iqu e  o f  G.F. a ssa y  i s  s im i la r  in  p r in c ip le  to  
t h a t  d e sc r ib e d  fo r  A.H.G-. and i s  g iv e n  in  th e  appendix. 
Specimens o f  serum were c o l l e c t e d  from the p a t ie n t  a t  each o f  
th e  t im es o f  a s s a y .  These sera  were used in  th e  thrombo­
p l a s t i n  g e n e r a t io n  system  w ith  normal adsorbed plasma and 
p l a t e l e t s ;  th e  a ssa y  was read by comparing th e se  r e s u l t s  
w ith  th o s e  from m ix tu res  o f  normal serum in  Christmas d is e a s e  
serum.
The mean r e s u l t  o f  th e  a ssa y s  i s  shown i n  f ig u r e  .
I t  w i l l  be seen  th a t  the  curve i s  v ery  s im i la r  t o  th a t  for  
A.H.G. s u r v i v a l .  The r e s u l t s  o f  the a ssa y s  are g iv e n  in  
ta b le  3 7 to g e th e r  w ith  the d e t a i l s  o f  one o b serv a t io n  on 
the prothrom bin consumption and whole b loo d  c l o t t i n g  t im e .
These a l s o  are s im i la r  t o  th o s e  in  haem ophilia .
A g g e ler  and h is  c o l le a g u e s  rep o rt  on the p r o lo n g e d ' in  
v i v o f s u r v iv a l  o f  Christmas f a c t o r .  (White e t  a l * 1 9 5 3 ) .
In  t h e i r  o b se r v a t io n s  the whole b lood  c l o t t i n g  time had not  
re tu rn ed  t o  i t s  p r e tr a n s fu s io n  l e v e l  a t  the  end o f  tw o-th ree  
w eeks. T h is  d iscrep a n cy  remains u n exp la in ed . The mean o f  
the r e s u l t s  o f  C.F. a ssa y  a t  the chosen tim es a f t e r  in f u s io n  
was h ig h er  than th e  e q u iv a le n t  a ssa y s  in  the  h aem o p h ilia cs .  
There was no q u e s t io n  however o f  th e  C .F . su rv iv in g  ap p rec iab ly
lo n g e r  th an  th e  A.H.G. in  v iv o .  Any d i f f e r e n c e  was a m atter  
o f  hours and not days and, as p o in te d  out above, the r e s u l t s  
are n o t  s t r i c t l y  comparable as four o f  the o b ser v a t io n s  out  
o f  th e  f i v e  were on p a t ie n t s  o f  much sm a ller  b u i ld  than the  
h a em o p h iliacs  t e s t e d .
Figure (149)
Thrombin g e n e r a t io n  from plasm as c o l l e c t e d  a t  
- i n t e r v a l s  f o l lo w in g  in f u s io n  o f  a l i t r e  o f  plasma to  
a p a t i e n t  w ith  Christm as d i s e a s e .
O rdinate -  Thrombin u n i t s .
A b s c is s a  -  Time i n  m inutes a f t e r  a d d i t io n  o f  
c a lc iu m .
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S U M M A R Y
(1) A.H.G. has been  assa yed  in  haem ophiliacs
a f t e r  the  a d m in is tr a t io n  o f  a l i t r e  o f  plasm a.  
The r i s e  i n  A.H.G. ex p ressed  as a mean o f  the  
o b s e r v a t io n s  was 1 % and t h i s  d isappeared  over  
the n ext 24 h ou rs .
(2 )  The A.H.G. a ssa y  was dependent on the throm bop lastin  
g e n e r a t io n  tec h n iq u e . The f a i l u r e  in  c o r r e c t io n  
o f  th rom b op la st in  g e n e r a t io n  was compared w ith  the  
c o r r e c t io n  o f  th e  prothrombin consumption and the  
whole b lo o d  c l o t t i n g  t im e .
(3 )  An attem pt was made t o  c o r r e la te  A.H.G. l e v e l  w ith  
h aem osta tic  e f f i c i e n c y .  A l e v e l  o f  12$  was 
s u f f i c i e n t  to  stop haematuria in  one p a t i e n t .
The o th er  l e v e l s  obta in ed  were probably o f  some 
va lu e  in  h a em ostas is  a f t e r  to o th  e x t r a c t io n .
(4 )  A sm all number o f  s im i la r  o b ser v a t io n s  have been  
made on p a t i e n t s  w ith  Christmas d i s e a s e .  The 
r a te  o f  d isappearance o f  the  ad m in istered  Christmas 
f a c t o r  in  Christmas d is e a s e  was s im i la r  t o  th a t  
o f  the  A.H.G. in  h aem oph ilia .
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CHAPTER Z d
THE ACTION OF VITAMIN K PREPARATIONS ON TEE HYPOPROTHROMBIN- 
OPENIC EFFECT OF DICUMAROL AND TROMEXAN
The a d m in is tr a t io n  o f  dicumarol ( 3 , 3 1-m e th y le n e -b is - 
(4-hydroxycoum arin))  or f,tromexan,f ( b i s - 3 , 3 1-(4-oxycoum arinyO -  
e th y l  a c e t a t e )  in  th e  treatm ent o f  thromboembolic s t a t e s  may 
l e a d  t o  se v e r e  or even f a t a l  haemorrhage. Although c a r e fu l  
c o n tr o l  o f  treatm en t by rep ea ted  e s t im a t io n  o f  the  o n e -s ta g e  
c l o t t i n g  tim e reduces t h i s  r i s k ,  a r e l i a b l e  and convenient  
a n t id o te  a g a in s t  such p o te n t  th e r a p e u t ic  su b stan ces  would 
be o f  g r e a t  v a lu e .  Both dicumarol and tromexan are a n t i ­
co a g u la n ts  by v ir tu e  o f  t h e i r  causin g  {fhypoprothrombinaemian 
and th e  two measures recommended to  r e v e r se  t h i s  e f f e c t  are  
the a d m in is t r a t io n  o f  p re p a r a tio n s  p o s s e s s in g  vitam in-K  a c t ­
i v i t y  and the t r a n s f u s io n  o f  b lo od  or plasm a. There i s  no 
doubt th a t  th e  l a t t e r  treatm ent g iv e s  immediate and s i g n i f i ­
cant r e s u l t s ,  but for i t  t o  be most e f f e c t i v e  the  blood must 
be in  s u f f i c i e n t  q u a n t i ty .  I t  i s  not always easy  t o  meet 
t h i s  requirem ent because  o f  p o s s ib le  c ir c u la t o r y  d is tu rb a n c e ,  
and r e l ia n c e  may be p la c ed  on th e  use o f  vitam in-K prepara­
t io n s  such as are com m ercially  a v a i l a b l e .
There i s  a measure o f  b e l i e f ,  based on experim en ta l ob­
s e r v a t io n s  c a r r ie d  out during the p a s t  ten  y e a r s ,  th a t  th e se  
vitam in-K  p r e p a r a tio n s  are capable o f  r e v e r s in g  d icum arol-
49 / -
induced  hypoprothrombinaemia. From th e  a v a i la b le  ev id en ce
a t  hand th ere  can be no doubt th a t  su b stan ces  w ith  v itam in-K
a c t i v i t y  do p o s s e s s  such powers, bu t th ere  i s  s t i l l  much
c o n fu s io n  rega rd in g  th e  p r a c t i c a l  value of th e  v a r io u s  p rep ara-  
Tt\t$
t io n s ,  r e q u ir e d  t o  be a s s e s s e d ,  v
I t  i s  hoped th a t  th e  experim ents d e sc r ib ed  below w i l l  
p rov id e  more c o n c lu s iv e  ev id en ce  concern ing  the a c t io n  and 
th e r a p e u t ic  v a lu e  o f  th e se  p r e p a r a t io n s .
Method o f  s t u d y .
E ith e r  dicum arol or tromexan was adm in istered  in  th e r a ­
p e u t ic  d o ses  to  p a t i e n t s  i n  whom th e r e  was no obvious p o te n ­
t i a l  source  o f  haemorrhage or ev id en ce  o f  h e p a t ic ,  a l im e n ta r y ,  
or r e n a l  d y s fu n c t io n .  A t e s t  dose o f  th e  a n t i -c o a g u la n t
1 u
drug was g iv e n ,  and the e f f e c t  on the  prothrombin l e v e l s  was
II n
observed  a t  l e a s t  d a i l y .  When th e  prothrombin l e v e l s  had 
retu rn ed  to  normal, and had remained normal fo r  two t o  three  
d ays , th e  same dose o f  the  same drug was r e p e a te d ,  and a s e ­
l e c t e d  dose o f  a vitam in-K  p r e p a r a tio n  was g iv e n .  Plasma 
" p ro th ro m b in 'lev e ls  continu ed  to  be e s t im a te d  a t  l e a s t  d a i l y .
In  a few in s ta n c e s  th e  tech n iq u e  was v a r ie d  in  r e s p e c t  o f  time 
of  a d m in is t r a t io n  and o f  the number o f  the d oses  o f  v itam in  K. 
The v a r ia t io n s  are in d ic a te d  w ith  the  r e s u l t s  in  Table 3 9 .
The hypoprothrombinaemia ex p ected  from the a n t ic o a g u la n t  
therapy was not u s u a l ly  beyond customary th e r a p e u t ic  l e v e l s .
~ U 9 Z -
V ita m in -K  P r e p a r a t i o n s .
The v itam in-K  su b stan ces  which were t e s t e d ,  and t h e i r  
r o u te s  o f  a d m in is t r a t io n ,  are shown in  Table 3 2  . At the  
tim e o f  t h i s  s tu d y ,  w ith  th e  e x c e p t io n  o f  v ita m in  K^  th e se  
p r e p a r a t io n s  were r e a d i ly  a v a i la b le  com m ercia lly , and the  
d o ses  o f  th o se  w hich  were g iv e n  p a r e n te r a l ly  were l im i t e d  
o n ly  by th e  occurrence o f  untoward r e a c t io n s .  In  the case  o f  
v ita m in  K^, which i s  fat-solub3_e and which was r e c e iv e d  as an 
o i l y  c o n c e n tr a te ,  a p r e p a r a tio n  s u i t a b le  fo r  in traven ous ad­
m in i s t r a t io n  was made as d e sc r ib ed  by Davidson and MacDonald 
(1 9 4 3 ) .  The o i l y  f l u i d  was d i s s o lv e d  in  a b so lu te  a lc o h o l  
( 2 0 0  mg. K*l in  4  m l. a l c o h o l ) ,  and the s o lu t io n  was then  
added t o  5% g lu c o se  (200-400 mg. K]_ in  500 m l . ) .  The prep­
a r a t io n  was then a u to c la v e d .  Suspension  o f  th e  v ita m in  
i n  the  g lu c o se  s o l u t i o n  was a s s i s t e d  by in j e c t i n g  the a l c o ­
h o l i c  s o l u t i o n  f o r c i b l y  through a long  f in e  need le  in to  the  
Centre o f  th e  b o t t l e  o f  g lu c o se  s o l u t i o n ,  but in  s p i t e  o f  t h i s  
the p r e p a r a t io n  tended t o  be u n sta b le  and had t o  be used  
alm ost a t  once . T h is  p rep a r a tio n  o f  v itam in  K^  was adm inis­
te r e d  by in traven ou s in fu s io n  over a p e r io d  o f  h a l f  to  f i v e  
hours w ith o u t  d e la y ,  o therw ise  the v itam in  K^  tended to  
s e t t l e  out and adhere t o  the  g l a s s ,  w ith  consequent l o s s  o f  
p o te n c y .  No untoward r e a c t io n  o f  any kind was encountered .
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TABLE 38
D e t a i l s  o f  t h e  V ita m in -K  P r e p a r a t io n s  T e s t e d
Substance
Other
D esig n a tio n
Route o f  
adm ini­
s t r a t io n
Dosage
2 -m eth y l- 3 - p h y t y l -  
1 :4 -naphthoquin­
one
Vitamin Kq In tra v en ­
o u s ly
200-340 mg.
s in g le
doses
2 - m e t h y l - l : 4 -naph­
thoquinone
”P ro k ayv it” (B .D .H .); 
menaphthone; mena- 
d i one
Intramus­
c u la r ly
15-30 mg. 
in  2-3 days
2 - m e t h y l - l :4 -naph-  
thohydroquinon e 
d ia c e t a t e
Acetomenaphthone; 
o r a l  Prokayvit  
(B .D .H .)
O ra lly 90 mg. in  3 
d a y s .
2 - m e t h y l - l : 4 -naph-  
t  hohydi'oquin on e 
ca rb oxyme t  hoxin  e
"Kapilon*1 (Glaxo) Intram us­
c u la r ly
60 m g.in  3 
d a y s .
2-methyl-l: 4 -naph-
thohydroquinone
diphosphate
” S yn k ay itJi ( Roche) In tr a v e n ­
o u s ly
30 0 -1 ,^ 600  mg 
in  3 -4wdays
D ipotassium  2 -  
m ethyl- 1 : 4 -naph-  
th y le n e  b i s u lp h a t e
W a ter -so lu b le  K 
analogue (B oots)
In tra v en ­
o u s ly
2 0 0  m g . i . v .  
s i n g le  d o se .
S in ce  t h i s  work v itam in  Kj has "become a v a i la b le  
com m ercially  in  ampoules o f 50 mg. in  1 ml. a l c o h o l .  This i s
drawn up i n t o  a sy r in g e  p a r t ly  f i l l e d  w ith  s a l i n e  and r e a d i ly  
forms an em ulsion fo r  in traven ou s a d m in is tr a t io n .  No 
r e a c t io n s  have been found during a now e x te n s iv e  experience^  
with  t h i s  p r e p a r a t io n .
-  u. c / a  -
O ne-stage c l o t t i n g  tim e
The same batch  o f  r a b b it -b r a in  throm bop lastin  was used  
in  each c a s e ,  f o r  th e  c o n tr o l  and th e  t e s t  p e r io d s .  The 
e s t im a t io n s  were c a r r ie d  out on 1 0 0 $ and on 1 2 . 5 $ plasma.
Only th e  f i g u r e s  ob ta in ed  w ith  100% plasma are recorded h e r e .
At th e  tim e o f  t h i s  study (1949-1950) th e  throm bop lastin  
in u se  was a p h e n o l - s a l in e  e x tr a c t  o f  rab b it  b r a in ; 0 . 2  ml. 
amounts o f  plasm a, b ra in  throm bop lastin  and calcium  c h lo r id e  
were u sed . The end p o in t  was recorded u s in g  a g la s s  rod
w ith  th e  end drawn out in t o  a hook to  c a tc h  th e  f i r s t  o f  th e  
f i b r in  formed, ( s e e  appendix page ) .
R esu lts
The r e s u l t s  of th e  v a r io u s  th e r a p e u t ic  t r i a l s  o f  th e  
vitam in-K  analogu es a g a in s t  th e  hypoprothrombinaemic e f f e c t  
of dicum arol and tromexan are  p r e sen ted  in  Table J ?  . In 
the  c a se  of v ita m in  K-^  th e  r e s u l t s  o f  s i n g le  t e s t s  are  
ta b u la te d .  In th e  case  o f  th e  o th e r  p rep ara tion s  th e  
average r e s u l t s  from groups o f  p a t i e n t s  are recorded: a
more d e t a i l e d  a n a ly s i s  o f  th e s e  r e s u l t s  i s  g iv en  below . 
Vitamin Kp:
Vitam in Ki was t e s t e d  a g a in s t  a s i n g le  dose o f  tromexan 
in  th r e e  p a t i e n t s .  In  the  f i r s t  ca se  (Table 37 ) 900 mg. o f  
tromexan r e s u l t e d  in  a prothrombin tim e approxim ately  fo u r
t im es  normal. The same dose of tromexan was g iv e n  on the  
f i r s t  day o f  th e  t e s t  p e r io d ,  and on th e  fo l lo w in g  day, when 
the*prothrom bin"tim e had begun t o  r i s e ,  2 0 0  mg. o f  v ita m in  
K-^  was g iv e n  in tr a v e n o u s ly .  W ith in  tw en ty -fou r  hours the  
prothrom bin tim e was 19 seco n d s , as compared w ith  60 seconds  
a t  t h i s  s ta g e  in  the  c o n tr o l  p e r io d .  In  Case 2 ,  200 mg. o f  
v ita m in  g iv e n  a t  th e  same time as 900 mg. o f  tromexan ap­
pea red  to  a c t  as a complete a n t id o te .  In Case 3 the  e f f e c t  
o f  900 mg. o f  tromexan was l ik e w is e  b locked  by s im ultaneous  
a d m in is tr a t io n  o f  340 mg. o f  v ita m in  K-j_. As an a d d i t io n a l  
check on th e  method o f  t e s t i n g ,  t h i s  p a t ie n t  was g iv e n  a 
fu r th e r  dose o f  tromexan w ithout v itam in  . Hypo-prothrom- 
binaem ia r e s u l t e d .
V itam in  was t e s t e d  a g a in s t  a s in g le  dose o f  dicumarol 
in  two p a t i e n t s .  In  the f i r s t  o f  th e se  (Case 4) the adm in is­
t r a t i o n  o f  2 0 0  mg. o f  v ita m in  on the th ir d  day o f  the t e s t
n n
p e r io d  was fo l lo w e d  by re tu rn  o f  the  prothrombin tim e to  p r e -  
treatm en t l e v e l s  w i t h in  tw en ty -fou r  h ou rs . In  Case 5 the  
sim u ltan eou s  a d m in is tr a t io n  o f  300 mg. o f  v itam in  K-^  was 
alm ost co m p le te ly  e f f e c t i v e  in  b lo ck in g  the a c t io n  o f  400 mg. 
o f  d ic u m a r o l .
As a fu r t h e r  t e s t  o f  the a c t io n  o f  v ita m in  (Case 6 )
900 mg. o f  tromexan was g iv en  *over two d a y s . On the th ir d  
day, when th e  prothrombin time was 40 seco n d s , 200 mg. o f
TABLE 3°!
E ffe c t  o f  D icum arol and Tromexan on Plasma Prothrom bin  Time and th e  
' M o d i f ic at i o n  o f  t h i s  E f f e c t  by  V itam i n -K A n a lo g u es
Days o f  C o n tr o l  and T e s t  P e r io d
1 2  j 3 I 4 5
Remarks
355 •; §557~ "*§557”*”§55.
Case 1 16 (T) 32 . 60 25 : C o n tro l.  T=900 mg. tromexan.
15(T ) 28(K) | 19 16 - K=2Q0 mg. v itam in  i . v .
" 2 2 0 (T ) 30 | 2 2 18 - C o n tro l .  T=9Q0mg. tromexan.
19(TK) 18 ! 2 0 2 0 - K=200 mg. v itam in  K]_i.v.
* 3 17 (T) 36 ! 26 - _ C o n tro l.  T=900 mg. tromexan.
21 (TK) 2 0  ! 19(T) : 38 - K=340 mg. v ita m in  K-^i.v.
” 4 17(D) 19 i 28 33 25 C on tro l.  D=400 mg. d icum arol.
20(D) 2 2  ! 28 (K) 19 19 K=200 mg. v itam in  K-^i.v.
» 5 19(D) 19 128 33 25 C on tro l.  D=400 mg. d icum arol.
1 6 (DK) 19 2 2 19 19 K=300 mg. v itam in  K ^ i.v .
» 6 17 (T ) 22 (T) | 40 (K) 1 2 - T=600+300 mg. tromexan.
! K=300 mg. v itam in  K]_i.v.tt y - 75 (T ) i 75 (TK) t o  2 1 in !T=Maintenance 300 mg. tromex­
j 6 h r s . a n /  d a y . K=300mg. v i t . % i . v .
Group 8 16 (T) 25 1 28 - - C o n tro l .  T = 900 mg. tromexan.
(5 cases) 16 (TM) 2 1 (M) i 23 - - M=10 mg. me nap ht hone i .m .
Group 9 16 (T) 24 28 2 1 - C on tro l.  T =900 mg. tromexan.
(5 cases) 1 8 (TAM) 26 (AM): 21 (AM) 16 - AM=300 mg. ace tomenaphthone
Group 1 0  16(D) 2 0 22 2 1 - C o n tro l .  D=200 m g.d icum arol.
(2 oases) 1 8 (DAM) 22 (AM) 22 (AM) 2 1 - AM=30 mg. acetom enaphthone.
Group 1 1  16 (T) 25 2 2 18 C o n tro l .  T =900 mg. tromexan.
(5 cases) 18(TK) 2 2 (11) ; 22(K) 18 - K=20 mg. k a p ilo n  i .m .
Group 1 2  15(D) 19 26 29 - C o n tro l .  D=200-400m g.dicum arol.
(S cases) 1 6 (DK) 24 2 2 2 0 - K=20 mg. k a p ilo n  i .m .
Group 13 15 (T) 24 28 1 2 - C on tro l.  T =600 mg. tromexan.
(6 cases) 16 (TS) 2 4 (3 ) 2 0 (3 ) 1 1 - S=100 mg. syn k av it  i . v .
Group 14 15(D) 2 0 28 25 - C o n tro l .  D=200 mg. diGumarol.
w cases) 1 5 (DS) 16(3 ) 28 (S) 2 0 - 3 = 1 0 0  mg. syn k av it  i . v .
Group 15 18 18 (T ) 31 23 18 C o n t r o l . T =1,200 mg. trom exan.
U case) 1 8 (3 ) 18 (TS ) 2 9 (3 ) 22 (S ) 19 3=400 mg. syn k a v it  i . v .
Group 16 16 (T) 42 34 17 - C o n tro l .  T=1,200 mg. tromexan.
U c a se ) 1 7 (TB) 40 29 18 - B=200 mg. w a te r - s o lu b le
a n alogu e (B o o t  s )
v i ta m in  %  was g i v e n  in t r a v e n o u s l y .  The prothrom bin  tim e  
f e l l  t o  30 sec o n d s  i n  two h o u r s ,  and t o  normal w i t h in  tw e n ty -
- noy_.
fo u r  h ou rs . Case 7 i l l u s t r a t e s  th e  e f f e c t  o f  300 mg. o f
<> n
v ita m in  on a p e r s i s t e n t l y  h igh  prothrombin time (75 s e c ­
onds) o ccu rr in g  in  a p a t i e n t  who was g iv e n  300 mg. o f  t r o ­
mexan d a i l y  f o r  s e v e r a l  weeks fo r  th e r a p e u t ic  p u rp o ses .  In  
s p i t e  o f  the a d m in is tr a t io n  o f  th e  u su a l  d a i ly  dose o f  t r o -
M f!
mexan, v ita m in  K]_ produced a rap id  f a l l  in  the prothrombin  
time t o  2 1  seconds w i t h in  s i x  hou rs .
From th e se  i n v e s t i g a t io n s  i t  i s  e v id en t  that^when 200-  
340 mg. o f  v ita m in  was g iv e n  at the same time as a r e a so n ­
a b le  th e r a p e u t ic  dose  o f  tromexan or dicoumarol th e  a c t io n
t' //
o f  th e  a n t ic o a g u la n t  drug on th e  plasma prothrombin l e v e l s  
was c o m p le te ly ,  or alm ost c o m p le te ly ,  in h ib i t e d .  When the  
v ita m in  was g iv e n  a t  any tim e a f t e r  hypoprothrombinaemia had 
been  in d u ced , th e  prothrombin l e v e l s  were r e s to r e d  t o  normal 
in  24 h o u rs .  Furtherm ore, s i g n i f i c a n t  r e d u c t io n  o f  the  
"prothrom bin’time occurred w i t h in  an even sh o r te r  p e r io d , and 
sa fe  v a lu e s  were ach ieved  w i t h in  s i x  to  nine hours even when 
p r e v io u s ly  the hypoprothrombinaemia had been more severe  than  
i s  u s u a l ly  c o n s id ered  n e c e ssa r y  fo r  th e r a p e u t ic  p u rp o ses .
Menaphthone and Acetome naphthone.
The average r e s u l t s  o f  the intram uscular  a d m in is tr a t io n  
o f  menaphthone (Group 8 , Table 37 ) su g g e s t  th a t  t h i s  sub­
s tan ce  had an incom plete  in h ib i t o r y  e f f e c t  on m ild  hypopro­
thrombinaemia induced by tromexan. In t h i s  group the
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in d iv id u a l  t e s t  r e s u l t s  and th e  c o n tr o l  r e s u l t s  were p r a c t ­
i c a l l y  i d e n t i c a l .
Acetomenaphthone was g iv e n  o r a l ly  t o  seven p a t i e n t s ,  t o  
f i v e  who had r e c e iv e d  tromexan, and t o  two who had r e c e iv e d  
dicum arol. The average f ig u r e s  f o r  those  g iv e n  tromexan 
(Group 9) su g g e s t  th a t  the  resp onse  to  th e  a n t i - c o a g u la n t  was 
m o d if ied  - s l i g h t l y  by the  acetomenaphthone. The in d iv id u a l  
r e s u l t s  in d ic a t e d  t h a t  th e  e f f e c t  o f  t h i s  v itam in-K  analogue  
was s l i g h t  and in c o n s ta n t .  Acetomenaphthone was t e s t e d  
a g a in s t  dicum arol in  two p a t i e n t s  (Group 1 0 ) .  In  each the  
t e s t  curve and th e  c o n tr o l  curve were i d e n t i c a l .  A lthough  
l a r g e r  d oses  o f  menaphthone and acetomenaphthone might w e l l  
have been  g iv e n  by mouth, i t  was f e l t  th a t  o r a l  treatm ent was 
u n su ite d  t o  t h i s  purpose and no fu r th e r  o b ser v a t io n s  were 
made w ith  acetomenaphthone. Dosage o f  menaphthone was l im ­
i t e d  by p a in  which fo l lo w e d  the intram uscular  i n j e c t i o n .
K apilon , S yn k av it  and W a ter -so lu b le  K Analogue ( B o o t s ) .
K apilon was t e s t e d  a g a in s t  tromexan in  f i v e  p a t ie n t s  
(Group 1 1 , Table 3^  ) .  In  no case cou ld  i t  be s a id  th a t  
k a p ilo n  g iv e n  in tra m u scu la r ly  in  doses  o f  20  mg. d a i ly  fo r  
the f i r s t  th ree  days s i g n i f i c a n t l y  a f f e c t e d  th e  resp onse  to  
tromexan. K apilon was t e s t e d  a g a in s t  d icum arol, which was 
g iv e n  in  doses o f  300 mg. During the t e s t  p e r io d  k a p ilo n  
was g iv e n  in  doses o f  2 0  mg. on the  f i r s t  and t h ir d  days .
■ I:. O  Q  ,
In a l l  th r e e  p a t i e n t s  s l i g h t  hut s i g n i f i c a n t  m o d if ic a t io n  o f
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the prothrom bin resp onse  occu rred . In  no c a s e ,  however, d id  
the  prothrom bin time r e tu r n  t o  normal w ith in  th ree  days o f  
a d m in is tr a t io n  o f  the f i r s t  dose o f  k a p ilo n .
S y n k a v it ,  g iv en  in tr a v e n o u s ly  in  d oses  o f  100 m g., was 
t e s t e d  a g a in s t  tromexan in  s i x  p a t i e n t s  (Group 1 3 ) .  In  f i v e  
o f  t h e s e  the  c o n tr o l  and the t e s t  curves were p r a c t i c a l l y  
i d e n t i c a l .  In  the s i x t h  case  o f  t h i s  group s l i g h t  m o d if ic a ­
t i o n  o f  th e  resp on se  occurred during  the t e s t  p e r io d .  Syn­
k a v i t  was t e s t e d  a g a in s t  doses o f  d icum arol, which produced  
prothrom bin t im es o f  30 -40  se co n d s ,  in  f i v e  p a t i e n t s  (Group 
1 4 ) .  Each p a t i e n t  was g iv en  100 mg. o f  syn k a v it  d a i ly  fo r  
the f i r s t  th r ee  days o f  the t e s t  p e r io d ,  and in  no case  was 
th ere  any dem onstrable e f f e c t  on the prothrom bin-tim e cu rv e .
As an a d d i t io n a l  t e s t  o f  the a c t io n  o f  sy n k a v it ,  even la r g e r  
d oses  were g iv e n  (400 mg. in t r a v e n o u s ly ) ,  b eg in n in g  on the  
day b e fo r e  th e  a d m in is tr a t io n  o f  tromexan (Group 15) and con­
t in u in g  f o r  a f u r th e r  th r e e  d ays . No m o d if ic a t io n  o f  the  
a c t io n  o f  th e  tromexan was dem onstrated: the c o n tr o l  curve
and the t e s t  curve were i d e n t i c a l .
W a ter -so lu b le  K analogue (B oots) was t e s t e d  a g a in s t  t r o ­
mexan i n  one p a t i e n t .  Given in tr a v e n o u s ly  in  a dose o f  200 
mg. i t  s l i g h t l y  m o d if ied  the e f f e c t  o f  the  a n t ic o a g u la n t  
(Group 16) but f a i l e d  to  reduce the prothrombin tim e to  normal
' *5 00 -
w i t h i n  2 4  h o u r s .
The v a r io u s  w a te r - s o lu h le  vitam in-K  analogues have thus  
been  shown to  be r e l a t i v e l y  in a c t iv e  a g a in s t  the hypo-prothrom -  
binaem ic  e f f e c t  o f  tromexan and dicum arol. Although in  
some in s t a n c e s  -  n o ta b ly  the t e s t s  o f  k a p ilo n  a g a in s t  dicumar­
o l  -  an e f f e c t  was dem onstrated , t h i s  e f f e c t  was i n s u f f i c i e n t
: a tt
to  p r e v en t  a f a l l  in  plasma prothrombin c o n c e n tr a t io n s  as a 
r e s u l t  o f  the  a d m in is tr a t io n  o f  a s i n g le  r e l a t i v e l y  sm all  
dose o f  th e  a n t ic o a g u la n t .  That the  la c k  o f  e f f e c t  i s  not  
m erely  a m atter  o f  dosage o f  the v itam in-K  analogue i s  i n ­
d ic a t e d  by the  complete f a i l u r e  o f  1 ,6 0 0  mg. o f  sy n k a v it  
g iv e n  over a p e r io d  o f  four days to  m odify the  normal t h e r a ­
p e u t ic  e f f e c t  o f  a s i n g l e  dose o f  tromexan.
DISCUSSION
Among a l l  the  v itam in-K  analogues t e s t e d  a g a in s t  dicum arol  
and tromexan in  t h i s  i n v e s t i g a t io n  the only  su bstance  which  
was u n ifo rm ly  s i g n i f i c a n t l y  a c t iv e  was v itam in  K^. T h is  
m a te r ia l  was g iv e n  in tr a v e n o u s ly  in  doses  o f  200-340  mg. and 
i t  was a lm ost in v a r ia b ly  com p lete ly  e f f e c t i v e  i n  b lo c k in g  or 
in  r e v e r s in g  the a c t io n  o f  the a n t ic o a g u la n t  under the c i r ­
cumstances o f  the  t e s t .  The other  su b sta n ces  t e s t e d  d id  
o c c a s io n a l ly  m odify  th e  e f f e c t  o f  the a n t ic o a g u la n t ,  but the  
e f f e c t  was in c o n s ta n t  and s l i g h t .  Comparable doses were not
5'0'~
always g iv e n ,  b u t ,  from the p r a c t i c a l  p o in t  o f  v iew , o r a l  ad­
m in i s t r a t io n  o f  v itam in  K i s  u n l ik e ly  to  he s a t i s f a c t o r y  as  
an emergency tr e a tm e n t ,  and g iv e n  by other  r o u t e s ,  the doses  
o f  menaphthone and sy n k a v it  were l im i t e d  by l o c a l  or g e n e ra l  
r e a c t i o n s .
In  the p r e se n t  i n v e s t i g a t i o n  no attem pt was made to  g iv e  
doses  o f  a n t ic o a g u la n t s  which would r e s u l t  in  dangerously  
low prothrom bin l e v e l s .  I t  m ight th e r e fo r e  be co n sid ered  
th a t  th e  t e s t s  do not g iv e  in form ation  d i r e c t l y  a p p l ic a b le  to  
the  trea tm en t o f  th e  hypoprothrombinaemic emergency. On the  
oth er  hand, t h i s  would m erely  p o in t  to  some doubt about th e  
va lu e  o f  v ita m in  K-^  under more e x a c t in g  c o n d i t io n s ,  and the  
immediate r e s u l t  o f  a d m in is te r in g  i t  t o  a p a t i e n t  w ith  a p ro ­
thrombin tim e (100$ plasma) about four t im es  normal (Case 7 ,  
Table 3^ ) w ith o u t  s to p p in g  the tromexan a d m in is tr a t io n  i s  
good ev id en ce  of th e  potency  o f  t h i s  substance even in  very  
adverse  c o n d i t io n s .  As regards the o ther  an a lo g u es , the  
r e l a t i v e l y  sm all dosage o f  the a n t ic o a g u la n t  employed se r v e s  
to  emphasize the  i n e f f i c i e n c y  o f  th e se  v itam in-K  p r e p a r a t io n s .
During th e  p a s t  1 0  years co n s id era b le  i n t e r e s t  has been  
shown in  the e f f e c t  o f  vitam in-K  analogues on d icum arol-ind uced  
hypoprothrombinaemia, and numerous experim ents have been c a r ­
r ie d  out b o th  in  anim als and in  th e  human s u b j e c t .  I t  cannot 
be s a id ,  however, th a t  th e re  i s  g en era l agreement about e i t h e r
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th e  r e l a t i v e  e f f e c t s  o f  th e  v a r io u s  vitam in-K  p r e p a r a tio n s  
or th e  form o f  vitam in-K  a c t i v i t y  which i s  most s u i t a b le  fo r  
the  trea tm en t o f  hypoprothrombinaemie b le e d in g  occu rr in g  as  
the  r e s u l t  o f  the a d m in is tr a t io n  o f  dicumarol or tromexan.
T h is  la c k  o f  agreement has probably been due t o  two 
v a r ia b le  f a c t o r s .  In  some experim en ta l t r i a l s  w a te r - s o lu b le  
vitam in-K  p r e p a r a t io n s  were regarded as e f f e c t i v e  when the  
a n t ic o a g u la n t  was g iv e n  in  minimum a c t iv e  q u a n t i t i e s .  There 
i s  good e v id en ce  th a t  t h i s  i s  so  (Shapiro e t  a l . , 1 9 4 3 ) ,  but  
l i t t l e  th a t  th ey  are e f f e c t i v e  a g a in s t  th e r a p e u t ic  d oses  o f  
dicum arol. The second v a r ia b le  f a c t o r  has been the  exp ected  
resp on se  t o  a d m in is tr a t io n  o f  v itam in  K. Many w r i te r s  have 
co n s id er ed  adequate a response  dem onstrable in  the course  o f  
days and have been c o n ten t  t o  a d v ise  the use  o f  the w a ter -  
so lu b le  p r e p a r a t io n s .  Our own f in d in g s  on the inadequacy  
o f  th e se  p r e p a r a t io n s  and the g r e a te r  r e l i a b i l i t y  o f  v ita m in  
K- ,^ to g e th e r  w ith  ev id en ce  p r e sen ted  by o th ers  on the use o f  
v ita m in  K-^  or i t s  o x id e ,  seem to  j u s t i f y  the c o n c lu s io n  th a t  
there  are o n ly  two known e f f e c t i v e  means o f  t r e a t i n g  hypopro­
thrombinaemia induced by dicumarol or tromexan. These are  
by t r a n s f u s io n  o f  b lood  or by a d m in is tr a t io n  o f  v ita m in  K-^  or 
i t s  o x i d e .
In  view o f  th e  f a c t  th a t  t r a n s f u s io n ,  to  be e f f e c t i v e ,  
in v o lv e s  th e  use  o f  b lood or o f  fr o z e n  f r e s h  plasma from
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p o s s ib ly  more than a s in g le  donor, and th a t  th ereb y  d e la y  
may o f t e n  occur in  beg in n in g  adequate tr e a tm en t ,  th ere  i s  
some j u s t i f i c a t i o n  fo r  regard ing  a s u i t a b le  p r e p a r a t io n  o f  
v ita m in  Kq. or i t s  ox ide  as an e s s e n t i a l  m a te r ia l  in  any d e ­
partment i n  which treatm ent by dicumarol or tromexan i s  b e in g  
c a r r ie d  o u t . No r e l ia n c e  should be p la c e d  on the use o f  
la r g e r  d o se s  o f  the s y n t h e t ic  w a te r - s o lu b le  vitam in-K  a n a l ­
og u es . The a c t i o n  o f  v itam in-K  p rep a ra tio n s  a g a in s t  the  
hypoprothrombinaemie e f f e c t  o f  dicumarol or tromexan i s  not  
sim ply  a m a tter  o f  d o sa g e .  There i s  a  d i f f e r e n c e  i n  the  
a c t io n  o f  w a te r - s o lu b le  and o i l - s o l u b l e  p rep a ra tio n s  which  
has not so  f a r  been  e x p la in e d  excep t  th a t  i t  has been r e ­
la t e d  to  th e  p resen ce  o f  th e  ffp h y t y ln group in  the m olecule  
o f  v ita m in  K^  (M il le r  e t  a l * , 1 9 5 0 ) .
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S U M M A R Y
1 .  The e f f e c t  o f v itam in  K prep a ra tio n s in  m odify ing  
th e  a c t io n  of dicumarol and tromexan has been  
s t u d ie d .  The p rep a ra tio n s  o f  v itam in  K were
v ita m in  K]_, menaphthone, acetomenaphthone, 
k a p i lo n ,  syn k av it  and w a te r - s o lu b le  K analogue  
( B o o t s ) .
2 .  Apart from v ita m in  th e s e  su b stan ces  have been  
-shown t o  p o s s e s s  a minor and in c o n s ta n t  a b i l i t y  
t o  m odify  th e  a c t io n  o f  dicumarol and tromexan.
3 .  V itam in Kj_,on th e  o th er  hand, i s  a r e l i a b l e  and
e f f i c i e n t  a n t id o t e .  I t  can b lock th e  e f f e c t  of  
t h e s e  drugs on th e  o n e -s ta g e  c l o t t i n g  tim e and 
r e v e r se  t h e i r  e f f e c t  once e s t a b l i s h e d ,  w ith in  
a few h o u r s .
4 .  S in ce  t h e s e  d i f f e r e n c e s  between th e  vitam in-K
p r e p a r a tio n s  are  not m erely  a q u es t io n  o f  dosage, 
o f  a l l  th e  su b sta n ces  t e s t e d  here o n ly  v itam in  
can be regarded as a r e l i a b l e  a n t id o te  fo r  a 
hypoprothrombinaemie emergency.
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ACTION OF VITAMIN %
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CHAPTER ZH 
ACTION OP VITAMIN Kx
In  the  p r e v io u s  chapter  the e f f e c t  o f  v ita m in  K in  mod­
i f y i n g  th e  a c t io n  o f  the coumarin drugs was i n v e s t ig a t e d  in  
the human s u b j e c t .  I t  was shown th a t  apart from v itam in  K^. 
other  v ita m in  K p r e p a r a t io n s  have a minor and in c o n s ta n t  
a b i l i t y  to  m odify  t h e ' a c t i o n  o f  th e se  a n t ic o a g u la n t s .  V i t a ­
min on the  o th er  hand was found to  be a r e l i a b l e  and e f ­
f i c i e n t  a n t id o te  capable o f  co m p lete ly  b lo c k in g  the a c t io n  
o f  th e r a p e u t ic  d o ses  o f  dicumarol and tromexan, and capable  
o f  r e s t o r in g  to  s a fe  l e v e l s  w i th in  a few hours e x c e s s iv e  
!fhypoprothrombinaemia!f due to  th e se  drugs . At th e  time o f  
t h i s  work (1 949-50) the  nature o f  the  c o a g u la t io n  d e f e c t  in  
coumarin th erap y  had not been  s tu d ie d .  I t  was on ly  a f t e r  
subsequent e x p e r im e n ts (se e  Chapter 7 ) th a t  i t  was app rec­
ia t e d  th a t  the p r o lo n g a t io n  o f  the  o n e -s ta g e  c l o t t i n g  tim e  
in  coumarin therap y  was l a r g e l y  a t t r ib u t a b le  to  d e f i c i e n c y  
o f  the r e c e n t ly  r ec o g n ize d  c o a g u la t io n  component - f a c t o r  V II .  
I t  was th en  a l s o  r e a l i s e d  th a t  a lth ou gh  th ere  was some measure 
o f  prothrom bin d e f i c i e n c y  the degree o f  t h i s  was much l e s s  
than o f  f a c t o r  V I I .  Furthermore the serum from p a t i e n t s  
under the  in f lu e n c e  o f  the coumarin drugs was unable t o  form
- S o  % -
b lood  th ro m b o p la s t in , when incub ated  w ith  normal adsorbed  
plasm a, p l a t e l e t s  and ca lc iu m .
P r e v io u s ly  (Chapter d3 ) i n v e s t i g a t io n s  were d e sc r ib e d  
on the  a c t i o n  o f  v itam in  K on the  c o a g u la t io n  d is tu rb an ce  
in  the  newborn. The o b j e c t s  o f  th e  s tu d ie s  to  be d e sc r ib e d  
in  t h i s  chapter  were t o  a s s e s s  the response  o f  th e  f a c t o r  
V I I ,  prothrom bin and serum th rom b o p last ic  a c t i v i t y  to  the  
a d m in is tr a t io n  o f  v i ta m in  K^:-
(a ) i n  coumarin dr ug therapy and t o  compare t h i s  w ith
the resp onse  t o  c e s s a t io n  o f  therapy w ithou t  
a d m in is tr a t io n  o f  v itam in
( b ) i n  v ita m in  K d e f i c i e n c y .
( c ) in  s a l i c y l a t e  th e ra p y .
The tech n iq u es  used  have been  d escr ib ed  and d is c u sse d  
p r e v io u s ly  and can be found in  the appendix. The m easure­
ment o f  prothrom bin was by the method o f  Douglas and B ig g s  
(1 9 5 3 ) .  The measurement o f  f a c t o r  VII was dependent on a 
comparison o f  the a c t i v i t y  o f  the t e s t  plasma t o  c o r r e c t  the  
o n e -s ta g e  c l o t t i n g  tim e o f  coumarin plasm a, when compared 
w ith  a normal plasma in  t h i s  r e s p e c t .  M ixtures were made 
o f  one p a r t  o f  th e  t e s t  or normal plasma w ith  n ine p a r ts  o f  
a sample o f  coumarin plasma w ith  a lo n g  o n e -s ta g e  c l o t t i n g  
t im e . The o n e -s ta g e  c l o t t i n g  tim es o f  th e se  m ixtures were 
then determ ined . Further d i l u t i o n s  o f  the normal plasma in
the coumarin plasma were made and th e  o n e -s ta g e  c l o t t i n g  
tim es e s t im a te d .  From th e s e  l a t t e r  a curve was prepared  
by which the f a c t o r  VII con ten t o f  the t e s t  plasma was read  
(see  Chapter /3  ) •
The f o l lo w in g  o b se r v a t io n s  were made.
(a) Coumarin drug th e r a p y .
(1 )  Three p a t i e n t s ,  who had been m ainta ined  fo r  28 
days on th e r a p e u t ic  d oses  o f  phenylindanedione were g iv e n
50 mg. o f  v ita m in  Kj in tr a v e n o u s ly .  The l a s t  dose (50 m g.)  
o f  phenyl Indanedi one was g iv e n  ju s t  p r io r  t o  th e  v ita m in  .
( 2 ) Three p a t i e n t s ,  who had been  m ainta ined  fo r  28 
d a y s , on th e r a p e u t ic  d o ses  o f  phenylindaned ione were s t u d ie d  
f o l lo w in g  c e s s a t i o n  o f  therapy w ith o u t  a d m in is tr a t io n  o f  
v ita m in  K-j_. The l a s t  dose o f  50 mg. was g iv e n  ju s t  p r io r  
to  th e  s t a r t  o f  the  i n v e s t i g a t i o n .
( b ) V itam in  K d e f i c i e n c y .
(3) Three p a t i e n t s  w ith  v itam in  K d e f i c i e n c y  were g iv e n  
50 mg. o f  v ita m in  in tr a v e n o u s ly .  These p a t i e n t s  were 
v ita m in  K d e f i c i e n t  in  consequence o f  f a i l u r e  o f  en try  o f  
b i l e  in t o  th e  i n t e s t i n a l  t r a c k .  One was subsequent to  
s u r g ic a l  l i g a t i o n  o f  the b i l e  d u ct ,  one to  carcinoma o f  the  
common b i l e  duct and the t h ir d  to  a carcinoma o f  the  head o f  
the p a n cr e a s .
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Specimens o f  plasma and serum were c o l l e c t e d  a t  the  
s t a r t  o f  th e  s tu d y  and su b seq u en tly  a t  in t e r v a l s  o f  3 h r s . ,
6 h r s . ,  9 h r s . ,  12 h r s . ,  24 hours and i f  r eq u ire d  a t  30 h r s . ,  
36 h r s . ,  48 h r s . ,  72 h r s . ,  and 96 h r s .  -  T able  4 o  r e f e r s .  
Q uick’ s o n e -s ta g e  t e s t  and the  f a c t o r  VII e s t im a t io n  were 
performed on th e  specim ens as they  were c o l l e c t e d .  The s e r a  
were kept i n  a 4 ° C. r e f r i g e r a t o r  u n t i l  a l l  were c o l l e c t e d  
and th e n  t e s t e d  in  one experim ent on the throm bop lastin  gen ­
e r a t io n  te c h n iq u e .
(c )  S a l i c y l a t e  th e r a p y .
(4 )  One p a t i e n t  on s a l i c y l a t e  therapy who had nhypo-  
prothrom binaem ian was g iv e n  50 mg. v ita m in  and m ainta ined  
on the same d osages o f  s a l i c y l a t e .  Blood was c o l l e c t e d  b e ­
fo r e  g iv in g  the K-^  and 24 hours l a t e r  the  prothrombin, 
f a c t o r  VII and serum th rom b op lastin  a c t i v i t y  were a s s e s s e d  
in  th e s e  sp ec im en s .
F igure  (152)
Response o f  prothrom bin and. fa c t o r  VII to  
c e s s a t io n  o f  coumarin tlierapy w ith  and w ith o u t  
a d m in is tr a t io n  o f  v ita m in  K l.
O rdinate  -  p ercen ta g e  prothrombin and f a c t o r  V II .
A b s c is s a  -  time i n  hours a f t e r  c e s s a t i o n  o f  
th era p y .
0  — 1 0  p ercen ta ge  prothrom bin.
•  t  p ercen ta ge  fa c t o r  V II .
The graphs n e a r e s t  to  th e  a b s c i s s a  r e p r e s e n t  the  
r esp o n se  o f  prothrom bin and f a c t o r  VII w ith  
a d m in is tr a t io n  o f  v i ta m in  Kq as in d ic a t e d ,  the  o th e rs  
w ith o u t  a d m in is tr a t io n  o f  v i ta m in  K i.
°/oProthrom bin -  factor VII 
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TABLE 4 0
SUMMARY OF RESULTS OP ONE-STAGE CLOTTING TIMES
(mean o f  3 o b s e r v a t io n s )
Coumarin
therapy
Coumarin
therapy
V i t .  K
D e f ic ie n c y
Br's. No K. »K.
0 40 31 31
6 41 23 2 0
1 2 42 16 18
24 39 15 16
30 31
36 24
48 18
72 15
96 15
C ontrol 15 15 15
RESULTS
(se e  pages a m  o f  th e  appendix)
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( a ) Coumarin drug, th e r a p y .
(1) P a t ie n t s  on coumarin therapy g iven  v ita m in  . The 
response  o f  the prothrombin and f a c t o r  VII to  v itam in  i s  
shown in  f i g u r e  <5Z . The f a c t o r  VII i s  a t  a lower va lue
F i g u r e  ( 1 5 8 )
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R esponse  o f  serum t h r o m b o p l a s t i c  a c t i v i t y  
t o  c e s s a t i o n  o f  coum ar in  t h e r a p y .
O r d i n a t e  -  p e r c e n t a g e  t h r o m b o p l a s t i n .  
A b s c is s a  -  tim e i n  m inutes a f t e r  a d d i t io n  o f  
c a lc iu m .
Throm boplastin  g e n e r a t io n  tech n iq u e  w ith  
adsorbed normal plasma and p l a t e l e t s  c o n s t a n t •
§  s e r a  from p a t i e n t  a t  tim e i n t e r v a l s
as s t a t e d  a f t e r  l a s t  dose o f  d indevan .
**  normal serum.
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R esponse o f  serum th ro m b o p la stic  a c t i v i t y  in  
coum arin th era p y  to  the a d m in is tr a t io n  o f  v ita m in
O rdinate -  p ercen ta g e  th r o m b o p la stin .
A b sc is sa  -  tim e in  m in u tes a f t e r  a d d it io n  o f  
ca lc iu m .
T hrom boplastin  g e n e r a t io n  tech n iq u e  w ith  adsorbed  
normal plasm a and p l a t e l e t s  c o n s ta n t .
• ------ 6 Sera from p a t ie n t  a t  tim e in t e r v a l s  as
s ta t e d  a f t e r  l a s t  dose o f  d indevan and in tra v en o u s
in j e c t io n  o f  50 mg. v ita m in  K i#
----------  normal serum.
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F i g u r e  (1 5 5 )
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V itam in  K d e f ic ie n c y  -  resp on se  o f  prothrom bin  
and fa c to r  V II to  th e  a d m in is tr a t io n  o f  v ita m in  K i. 
O rdinate -  p ercen ta g e  th r o m b o p la stin .
A b sc is sa  -  tim e in  hours a f t e r  in tr a v en o u s  
a d m in is tr a t io n  o f  v ita m in
0  0 -  p ercen ta g e  prothrom bin.
• -------•  -  p ercen ta g e  fa c t o r  V II .
Prothrombin - factorVII
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than  the prothrom bin a t  the s t a r t  o f  th e  o b ser v a tio n s  but 
by 24  h o u rs , b o th  are r e s to r e d  alm ost to  norm al. The ra p id  
improvement in  the th rom b op lastin  g e n e ra tio n  o f th e  coumarin 
serum i s  shown in  f ig u r e  tSH . These r e s u l t s  are the mean 
o f th ree  o b s e r v a t io n s .
(2 ) P a t ie n t s  on coumarin therapy not g iv en  v itam in  . 
The resp o n se  o f  th e  prothrom bin and fa c to r  VII to  c e s s a t io n  
o f  th era p y  w ith o u t a d m in is tr a tio n  o f  v itam in  K i s  shown in  
f ig u r e  f&Z and in  th rom b op lastin  g e n e r a tio n  in  f ig u r e  
I t  w i l l  be observed  th a t  th e  re tu r n  o f  th e se  a sp e c ts  towards 
normal i s  much l e s s  r a p id . The f ig u r e s  r ep re sen t the mean 
o f  th e  th r e e  o b s e r v a t io n s .
(b ) V itam in  K D e f ic ie n c y .
(3 ) The c o a g u la tio n  d e fe c t  in  v ita m in  K d e f ic ie n c y  i s  
the same as in  coumarin drug therapy (see  Chapter (5 ) .
There i s  d e f ic ie n c y  o f  fa c to r  VII and to  a l e s s e r  e x te n t  o f  
prothrom bin and an i n a b i l i t y  o f  the serum to  form b lood  
th ro m b o p la stin . The resp on se  to  v itam in  K-^  i s  s im ila r  in  
ch a ra cter  and in  speed  o f resp on se  to  th a t  in  coumarin drug 
th erap y . (See f ig u r e  t s s  ) .
In  one p a t ie n t  w ith  v ita m in  K d e f ic ie n c y  the s e r ia l  
specim ens o f  sera  c o l l e c t e d ,  were t e s t e d  not on ly  fo r  t h e ir  
a b i l i t y  to  form b lo o d  th rom b op lastin  but a ls o  fo r  t h e ir
F i g u r e  (1 5 6 )
V itam in  K d e f ic ie n c y  -  th ro m b o p la stin  g e n e r a tio n  
- o f  s e r a , fo l lo w in g  in tr a v en o u s  a d m in is tr a t io n  o f  
v ita m in  Kp.
O rdinate -  p ercen ta g e  th rom b op lastin *
A b sc is sa  -  tim e in  m in u tes a f t e r  a d d it io n  o f  
ca lc iu m .
T hrom boplastin  g e n e r a t io n  tech n iq u e  w ith  adsorbed  
normal plasm a and p l a t e l e t s  c o n s ta n t .
I  — » Sera from p a t ie n t  a t  s t a t e d  in t e r v a l s  a f t e r  
in tr a v en o u s  a d m in is tr a t io n  o f  v ita m in  Kp.
-----------  normal serum.
’/oTh rombop la st i n
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V itam in K d e f ic ie n c y  -  th ro m b o p la stin  g e n e r a tio n  
o f  s e r a , fo llo w in g  in tr a v en o u s a d m in is tr a t io n  o f  
v ita m in  K-j_ -  t h e ir  a b i l i t y  to  c o r r e c t  C hristm as 
d is e a s e  serum.
O rdinate -  p ercen ta g e  th r o m b o p la stin .
A b sc is sa  -  tim e in  m in u tes a f t e r  a d d it io n  o f  ca lcium .
T hrom boplastin  g e n e r a t io n  tech n iq u e  w ith  adsorbed  
normal plasm a and p l a t e l e t s  c o n s ta n t .
#— — 0 M ixtures o f  serum -  C hristm as d is e a s e  serum 
w ith  normal serum and serum c o l l e c t e d  from the  
p a t ie n t  a t  s t a t e d  in t e r v a l s  a f t e r  a d m in is tr a t io n  o f  
v ita m in
/
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a b i l i t y  to  c o r r e c t  the serum throm bop lastin  d e f ic ie n c y  o f  
C hristm as d is e a se  serum. The r e s u l t s  o f  t h i s  experim ent are
r
shown in  f  ig u r es  ysc, WS7. I t  w i l l  be seen  th a t th ere  i s  in ­
i t i a l l y  f a i lu r e  t o  c o rr ec t  the Christm as fa c to r  d e fe c t  but 
fo llo w in g  th e  a d m in is tra tio n  o f  the v itam in  K the s e r ia l  
specim ens o f serum show p r o g r e ss iv e  a b i l i t y  to  r e c t i f y  the  
th rom b op lastin  d e f ic ie n c y  in  Christmas d ise a se  serum. T h is  
i s  su p p o rtiv e  ev id en ce  th a t th ere  i s  a d e f ic ie n c y  o f  the  
C hristm as fa c to r  in  the co a g u la tio n  abnorm ality from v itam in  
K d e f ic ie n c y .  (se e  a ls o  Chapter ) .
(c )  S a l i c y la t e  th era p y .
(4 ) In  the p a t ie n t  on s a l i c y l a t e s  the a d m in is tra tio n  
o f  th e  v itam in  K-^  caused r e s to r a t io n  t o  normal co n cen tra tio n  
o f  th e  prothrom bin, fa c to r  VII and serum throm bop lastic  a c t ­
i v i t y .
